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ABSTRACT 
Vehicles being driven for work purposes represent a large proportion of road 
collision and deaths in the workplace.  These observations mean that people driving 
for work can impose a large burden on organisations and on society.  In addition, 
previous studies identified a fleet driver effect for which there was greater collision 
risk for those who drive for work compared to the general driving population, even 
after controlling for exposure.  This accentuates the need for both organisational and 
government policy makers to take steps to reduce the impact of these collisions.   
No single intervention has been found to solve issues around work-related road 
safety therefore a range of initiatives have been directed towards the risks associated 
with drivers, vehicles, journeys and organisations.  Many of the interventions, 
however, lack robust evidence to support their use. The aim of this thesis is to assess 
organisational interventions to improve work-related road safety by using 
econometric models on real-world data.  The data represents driving claims made 
between 2005 and 2012 by employees of a large UK company, with a fleet of 
approximately 35,000 vehicles.  The drivers were employed in a variety of roles 
such as working in technical positions at customer sites or making sales visits.  The 
company has applied a range of strategies to road safety resulting in annual claim 
reductions of 7.7% compared to only a 4.5% reduction in collisions nationally.  The 
company’s data are used to undertake three studies which focused on driver training, 
manager training and claim segmentation. 
Statistical models were employed to investigate the effect of two different driver 
training courses on the frequency of claims while controlling for other factors.  The 
results indicated that driver training courses significantly reduced both the total 
number of claims and the claim types targeted by the training.  The impacts of the 
interventions were also adjusted for the effects of non-random driver selection and 
other safety improvements initiated by the company or other agencies.  An 
important finding of this work was that randomly inflated pre-training events 
accounted for between a third and a quarter of the observed reduction in claims 
following training.   
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The second study evaluated the impact of management training on claims using 
multilevel models which allowed for correlation between observations.  The study 
could not confirm that this training was an effective safety intervention.  This null 
result provides an incentive to re-evaluate the implementation of the scheme.   
The final study identified homogeneous claim segments using statistical models and 
the impact of training was evaluated on these segments.  Such claims were estimated 
to be reduced by between 32% to 55% following existing driver training courses. 
This thesis has helped close important gaps and contributed to knowledge in terms 
of both intervention methodology and the understanding of the effectiveness of 
work-related road safety interventions.  The results, which are already being applied 
in the case study organisation, demonstrated that training employees in either safe 
and fuel efficient driving, or low speed manoeuvring, reduced vehicle insurance 
claims.  Further work is necessary to verify the safety value of manager training 
including gathering detailed information on interactions between managers and 
drivers.   
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1 Introduction 
1.1 Background 
Road traffic collisions account for an estimated annual 1.24 million deaths and 
between 20 and 50 million non-fatal injuries worldwide (WHO, 2013).  Estimated to 
account for between 25% and 60% of deaths on the roads, driving for work 
represents a large proportion of road fatalities and is also a major cause of worker 
fatalities (Boufous et al., 2006; Charbotel et al., 2001; Driscoll et al., 2001).  The 
concern is worldwide and research into the impact of work-related road safety has 
been carried out in many countries including; Australia (Boufous et al., 2006; 
Harrison et al., 1993), Finland (Salminen, 2000) France (Charbotel et al., 2010; 
Hours et al., 2011), Germany (Zepf et al., 2010), New Zealand (Driscoll et al., 2005; 
McNoe et al., 2005), USA (Driscoll et al., 2005; Green et al., 2011; Pratt, 2003) and 
the UK (Grayson, 1999; Lynn et al., 1998).  A work-related vehicle refers to a 
vehicle over which an organisation has some degree of influence in their selection 
and operation (Haworth et al., 2000).  These may be owned or leased by the 
organisation or even be employees’ private cars used in the course of work.  The 
term work-related will be used throughout this thesis to describe this context, 
elsewhere fleet, occupational, and work-related are used interchangeably.  At-work 
drivers in the UK face a 49% greater collision risk compared to general drivers after 
controlling for demographics, mileage and the other factors (Lynn et al., 1998).  
They also face additional collision risk as their annual mileage is approximately 
twice that of general drivers (Downs et al., 1999). 
The risk of involvement in road traffic collisions is not only faced by workers whose 
sole function is driving, but also by those employed in a number of roles ranging 
from employees who drive long distances for sales, as managers or to perform 
technical tasks, running infrequent office errands, or others who simply commute 
(Boufous et al., 2009; Charbotel et al., 2001; Hours et al., 2011; Salminen, 2000).   
Much research and policy has focused on the regulation and management of driving 
large and heavy commercial vehicles, and information is available on nearly every 
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subject concerning the safety of heavy trucks (Knipling et al., 2011).  Rather less 
attention, however, has been devoted to other frequently used fleet vehicle types 
such as vans and cars, sometimes referred to as occupational light vehicles, which 
often constitute a major part of an organisation’s fleet (Newnam et al., 2011; 
Stuckey et al., 2010).   
Many organisations have identified and understood the high risks driving poses to 
their employees and have put systems in place to monitor and reduce those risks by 
the application of specific countermeasures (Haworth et al., 2000; Murray et al., 
2012).  These factors are derived from domain knowledge and by identifying similar 
incidents and employee types, however, a lack of quality epidemiological evidence 
on such risk factors has been reported (Robb et al., 2008).  Low collision liability 
within an organisation was found to be associated with a positive safety culture 
(Bomel Ltd., 2004).  It follows that there is a need for a strong safety culture in fleet 
operations which has been argued can be achieved by using a broad cultural 
approach (Downs et al., 1999; Murray et al., 2010a).  There has even been an appeal 
to deep seated influences on risks such as the suggestion to “Encourage more 
realistic public expectations to ease pressure on retailers and therefore hauliers” 
(Bomel Ltd., 2004, p. 125).   
A risk management system is an integral part of an intervention strategy which 
involves managers as well as drivers.  The interventions undertaken by managers, 
however, need careful evaluation to take account of possible correlation of outcomes 
amongst drivers.   
1.2 Problem statement 
As stated above, road traffic collisions represent a major risk to employee health and 
safety, are a risk to society, and impose a duty of care on employers who have a 
responsibility to take steps to mitigate risk.  It has been suggested that employers 
should manage drivers in the same manner as the operators of dangerous equipment 
who are given the required support, such as training or modification of their 
environment (Stradling et al., 2001).  In response to this, a range of options exist for 
employers; from those who implement blanket countermeasures to ‘do the right 
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thing’ (within cost and time constraints) to those more cautious who will only take 
action if required.  Neither approach may be ideal and a challenge exists for a more 
rigorous approach to be applied. 
The cost effectiveness of any solution is regarded as a critical selling point to upper 
management in organisations who must support and fund interventions.  They 
expect to see a return on that investment in terms of workers’ health and safety, 
increased vehicle availability, improved client and customer care, minimised costs, 
reduction in insurance premiums and a lower risk of catastrophic events.  These 
outcomes are likely to vary by the type of driver, vehicle and organisational activity.  
Possible countermeasures organisations may employ are varied and include 
individual actions (Grayson et al., 2011; Ludwig et al., 2000) although these should 
be incorporated into an overarching safety programme which may address safety 
culture (Bomel Ltd., 2004).  Despite a range of interventions having been 
implemented to improve work-related road safety, few studies have rigorously 
assessed the effectiveness of such countermeasures (Banks et al., 2010).   
1.2.1 Outcomes 
Few studies have used real collision data to support the effectiveness of 
countermeasures while the attributes of collisions have rarely been used (e.g. at-fault 
reversing errors).  Instead, researchers have used self-reported claims or various 
proxies for safe driving such as seat belt wearing, intention to speed, motivation to 
drive safely or driver behaviour (turn-signal, safety-belt use or stopping) (Ludwig et 
al., 2000).  Such proxies may not be true markers of safe driving, and furthermore, 
the direction of causality with self-reported collision is not usually established.   
Many government-led initiatives have been enacted with the aim of reducing 
fatalities and serious injuries, however, relatively few are aimed at damage 
reduction.  Therefore, efforts at a national level do not necessarily align with the 
goals of many fleet managers whose focus is typically on cost reduction and asset 
protection as well as injuries.  Fortunately injury collisions are rare so those 
involving property damage only (PDO) offer a reliable alternative with a higher 
frequency of outcomes (Bibbings, 1997).  PDO collisions, often recorded for reasons 
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of asset management, offer a realistic alternative measure of underlying work-
related road safety.   
A wide range of studies relevant to work-related road safety interventions have been 
reviewed to provide evidence in terms of collision rate reduction.  Systematic 
reviews may overlook useful reports of interventions that have not been evaluated 
with sufficient rigour even though they may intrinsically possess the capability of 
reducing collisions.  For example Banks et al. (2010) selected only interventions that 
met a strict gold standard for experimental trials that achieved high degrees of 
certainty in their results.  Newnam et al. (2011) only reviewed studies from light 
vehicle fleets rather than those from commercial fleets as the latter are more strictly 
regulated and consequently may not be relevant to light vehicle fleets.  They also 
focused on interventions based on sound theoretical behaviour mechanisms.   
This thesis assesses organisational interventions to improve work-related road safety 
and specifically focuses on the effects of driver and management training.  Such an 
approach allows for the transfer of knowledge and working practice between 
managers with the potential to improve employee safety.  
1.2.2 Models 
The impact of general road safety on occupational safety needs to be recognised and 
included in any analysis, as work-related road safety does not occur in isolation from 
the rest of the transport system.  Appropriate models (negative binomial and 
multilevel negative binomial regression) are able to estimate the impact of training 
of managers and drivers while controlling for external influences.  Binomial models 
have been used (Lynn et al., 1998; Stuckey et al., 2010) but the application of 
multilevel models are rare in work-related road safety research (e.g.Newnam et al., 
2008).  
1.2.3 Training 
Driver training has commonly been used to remedy risky driving.  The former 
emphasis on behind the wheel skills training has given way to changing the driver’s 
attitudes towards safety.  Bibbings (1997) stated that there was evidence to suggest 
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that driver training reduced blameworthy collisions by up to 70%, however, 
evidence from other sources have not supported such assertions and many reports 
were described as anecdotal (Downs et al., 1999).  One study highlighted that the 
nature and content of driver training was key to its success (Gregersen et al., 1996).  
Banks et al. (2010) suggested important factors were the effectiveness, cost and 
level of involvement in training while Ludwig et al. (2000) identified multiple 
intervention levels by the ability to influence behaviour on a large scale.  As a 
cautionary note, Ludwig et al. (2000) detected evidence for counter control in the 
form of unintended consequences following implementation of a behaviour 
modification intervention emphasising the need for employee engagement. 
The effect of implementing driver training, especially across a large organisation, 
has not been reported previously, certainly not in a robust or systematic way 
(Mitchell et al., 2012).  Commercial imperatives, however, may limit the options 
available suggesting that it would be useful to understand the effectiveness of any 
proposed intervention in order to identify priorities or to hold a post implementation 
review.   
The importance of the content of driver training has been highlighted since driver 
skills training has not delivered measurable benefits.  Changing people’s attitudes 
towards safe driving has been suggested as having the capability of providing more 
lasting improvements (Bomel Ltd., 2004).  In the Swedish Televerket study 
Gregersen et al. (1996) investigated an innovative training regime based on Group 
Decision Theory focusing on attitude rather than skills.  This revealed benefits in 
terms of collision risk and cost reductions over a two year follow up period.   
Despite several attempts to replicate the Televerket Study approach, with the 
exception of Bjerre (2005) and Salminen (2008), there have been relatively few 
other published studies using actual collision data in the intervening 30 years.  
Clearly this is an area where there is a need for improvement in the evidence base, 
especially using verified collision data.   
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1.2.4 Manager training 
According to several researchers (Bomel Ltd., 2004; Haworth et al., 2000), a risk 
management system is an integral part of the intervention strategy which involves 
managers as well as drivers.  Managers are trained to supervise their drivers more 
effectively so that they have fewer collisions and therefore make fewer insurance 
claims.  The interventions undertaken by managers, however, need careful 
evaluation to take account of possible correlation of outcomes amongst drivers.  
There is a need to build management hierarchy into a statistical model of insurance 
based vehicle collisions by applying a multilevel modelling approach.  The study by 
Newnam et al. (2008) uncovered a complex dependency, based on safety 
motivations, between drivers, managers, fleet managers and self-reported driver 
safety outcomes.  Given the effect of management on organisations, manager 
training has been a neglected area of study that is worthy of analysis. 
1.3 Data sources 
Prior studies have typically been based on restricted self-reported data, sampled 
from an organisation’s drivers and gathered via questionnaire.  Such an approach 
may lead to response biases in the sample and more importantly limits the scope of 
possible investigations.  To avoid such limitations, this thesis exploits the detailed 
content of a large company’s road safety management information system (MIS) 
containing details of all drivers and collisions.   
The system contains details of over 100,000 claims and 75,000 employees so this, 
together with the many relevant attributes and Human Resource (HR) records, 
enable the assembly of a rich dataset for analysis.  This organisation invites every 
driver to complete a risk profile which includes a driver behaviour questionnaire.  It 
has, therefore, been possible to test the efficacy of a number of training interventions 
on a rich dataset using appropriate econometric models.  Further, an automated 
segmentation routine determined the impacts on previously hidden sub-populations.  
Although the dataset is large it is recognised to have some imperfections, these are 
likely to be minimised by virtue of the organisation’s use of third party reporting and 
the claims system having been installed for asset control purposes. 
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Previously, there has been a dearth of evaluations using attribute specific outcomes 
from multiple subsets of an entire population of fleet drivers.  Such an approach that 
quantifies the effect of interventions can support decision making on safety 
management strategy and inform training providers on the impact of their courses. 
The opportunity to support the research was welcomed by the organisation forming 
the focus of this thesis which was motivated to adopt a research-led approach to its 
road safety policies. 
1.4 The case study organisation 
The participating organisation, British Telecommunications plc. (BT), is a large 
worldwide provider of communications services, which operates in over 170 
countries.  In the UK, the company employs approximately 77,000 people and 
controls approximately 35,000 vehicles, making it one of the largest fleets in the 
country.  Two-thirds of the vehicles are vans driven by engineers with the remainder 
being mostly company cars and a few large commercial vehicles.  The company has 
identified work-related road safety as a major occupational health and safety (OHS) 
issue that has the potential to impact on most of its employees, and therefore has 
embarked on the systematic management of the issue from the top of the 
organisation.  This work has been described by Murray et al. (2010b).  Over the 
study period, BT has developed its work-related road safety programme and has 
benefited from supporting research to inform policy and practice.  The provision of 
its dataset covering a wide range of drivers and vehicles, details of all incident 
claims, combined with risk assessments and interventions, will progress this 
research-led agenda further with the following aim and objectives.  
1.5 Research aim 
In light of the research background outlined above the aim of this thesis is to assess 
organisational interventions to improve work-related road safety.  This is 
formulated in terms of the following objectives: 
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 To review risk factors and measures associated with work-related road 
safety; 
 To investigate modelling techniques applicable to work-related road 
safety; 
 To describe the specific methods to be employed; 
 To explore and refine data sources; 
 To analyse and assess the impact of specific interventions by utilising 
appropriate models; 
 To make recommendations in terms of organisational work-related 
road safety. 
In this thesis the aim will be achieved by applying advanced statistical methods to 
data sourced from BT.  Details of the statistical methods used to fulfil the objectives 
at different stages are set out in detail in Chapter 4.   
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Table 1-1 Research aims in relation to the thesis structure 
Aim 
To assess organisational interventions to improve work-related road safety. 
Objectives Methods Chapter 
1 To review risk factors 
and measures associated 
with work-related road 
safety 
Literature review of worldwide safety 
relating to employees, road users and 
road fleets  
2; 
2 To investigate modelling 
techniques applicable to 
work-related road safety. 
Review of statistical and econometric 
modelling literature 
3; 
3 To describe the specific 
methods to be employed. 
Select the most appropriate techniques 
given the available data  
4; 
4 To explore and refine 
data sources. 
Clean and explore fleet claim and 
secondary data by use of univariate and 
bivariate summaries 
5; 
5 To analyse and assess the 
impact of specific 
interventions by utilising 
appropriate models. 
Investigate the associations between 
claims and interventions while 
controlling for mediating factors (e.g. 
exposure and risk) using a range of 
modelling approaches. 
6, 7, 8, 9; 
6 To make 
recommendations in 
terms of organisational 
work-related road safety 
Review the results of the investigation in 
line with the research aim and objectives. 
10; 
1.6 Outline of the thesis 
The thesis is organised into the following ten chapters which are briefly described 
below and summarised in Table 1-2. 
Chapter 2 provides a literature review of road safety risk factors and interventions 
in addition to focusing on work-related road safety. 
Chapter 3 describes statistical approaches that are relevant to road safety. 
Chapter 4 sets out the details of project methodology. 
Chapter 5analyses the available data from the case study company including 
information on human resources (HR), motor insurance claims, on-line driver risk 
assessment, and participation in driver and manager training sessions. 
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Chapter 6 fits appropriate econometric models to the combined data to include 
claim risk factors and the effects of training interventions allowing for regression to 
the mean. 
Chapter 7 utilises models incorporating management hierarchy into the analysis in 
order to rigorously assess the effect of supervisor training on the safety performance 
of drivers. 
Chapter 8 further advances the statistical modelling though the application of 
cluster analysis to estimate the effect of training initiatives on homogeneous groups. 
Chapter 9 discusses the relationships between interventions and insurance claims 
based on the outcomes from the statistical analysis undertaken in Chapters 6, 7 and 
8.  The value of the statistically-led methodology as applied to work-related road 
safety is evaluated. 
Chapter 10 concludes the thesis detailing how the research aim has been achieved, 
identifying the implications of the findings for research in terms of 
recommendations, specifying the additions to knowledge, setting out the limitations 
of the study, and identifying a range of areas for further study. 
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Table 1-2 Structure of the thesis 
Chapter Chapter objectives Tasks 
Chapter 1  
Introduction 
Set out the basis of the thesis Explore the context of work-
related road safety 
Chapter 2  
Literature 
review of 
factors and 
interventions in 
fleet road safety 
Identify gaps knowledge 
with respect to work-related 
road safety interventions  
In-depth review into current 
research into factors and 
interventions relevant to work-
related road safety  
Chapter 3  
Review of 
statistical 
techniques for 
road safety 
improvement 
Identify models appropriate 
to intervention analysis in 
road safety 
Review of statistical and 
econometric modelling literature 
concentrating on road safety 
Chapter 4 
Methodology 
Select and elaborate on the 
techniques most appropriate 
for the studies  
Present the formulae underlying 
the selected techniques 
Chapter 5  
Data description 
 
To explore and refine the 
data sources provided  
Clean and explore fleet claim and 
other data by use of plots, 
univariate and bivariate 
summaries 
Chapter 6 
Driver training 
evaluation 
Quantify the effect of driver 
training on insurance claims 
Investigate the associations 
between claims and driver 
training while controlling for 
mediating factors (e.g. exposure 
and risk) using NB models. 
Chapter 7  
Manager training 
evaluation 
Quantify the effect of 
manager training on 
insurance claims 
Investigate the associations 
between claims and manager 
training while controlling for 
mediating factors using multi-
level NB models. 
Chapter 8  
Segmentation 
Understand the impact of 
training on homogeneous 
claim clusters 
Use latent class analysis to 
identify homogeneous groups and 
assess the impact of training  
using NB models  
Chapter 9  
Discussion 
Review the results of the 
three studies. 
Examine the results in relation to 
the literature review 
Chapter 10  
Conclusions and 
recommendations 
To make recommendations 
for organisational work-
related road safety 
Review the results in line with the 
research aim and objectives; make 
recommendations; highlight 
additions to knowledge, state 
limitations and indicate further 
research needs 
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1.7 Summary 
In the absence of randomised controlled trials, there is a requirement for the rigorous 
evaluation of work-related road safety interventions based on epidemiological 
methods.  This thesis describes a comprehensive methodology that can be applied to 
any intervention, the content of which is unimportant.  The approach can reveal the 
true value of a countermeasure while controlling for other driver, vehicle, journey 
and organisational factors, regression to the mean, and the impact of safety 
programmes internal and external to the organisation.   
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2 Literature review of factors and interventions in fleet road 
safety  
2.1 Introduction 
As discussed in Chapter 1, people driving for work form a major portion of both the 
traffic stream and traffic incidents.  This means that organisations wishing to make 
their contribution to road safety improvement should first understand the risk factors 
influencing employee driving behaviour before designing relevant countermeasures.  
The objective of this chapter is to provide a review of the worldwide road safety 
literature relating to employees, road users and road fleets.  This includes the risk 
factors and corresponding interventions applied, to support the development of new 
intervention models relating to fleet road safety. 
The first portion of this chapter evaluates evidence concerning the large number of 
risk factors that influence work-related road safety (WRRS).  The remainder of the 
chapter focuses on reported interventions against the identified risks.  
The final section of the chapter will summarise gaps in the current knowledge of 
work-related road safety interventions and how these gaps will be addressed in the 
remainder of the thesis. 
2.2 An overview of factors affecting work-related road safety  
This review identified risks by driver, vehicle, organisation and journey, all of which 
have been found to influence worker safety and are embraced in the Haddon matrix 
(Haddon, 1972).  The framework highlights the wide range of influences that should 
be considered when assessing these risks.  Although the framework was useful there 
was overlap between factors.  For example, journey characteristics can be dictated 
by the sector in which the organisation operates.   
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The risk factors identified in the research are displayed by category in Table 2-1, of 
which only two appear on the list of five key global risk factors (WHO, 2013), i.e. 
speeding and drinking.   
Table 2-1 Factors involved in work-related road safety 
Category Factors 
Drivers  
 Demographics 
 Speeding 
 Distractions 
 Fatigue 
 Stress 
 Alcohol or drugs 
 Personality and attitudes 
 Health 
 Skills 
The vehicle 
 Vehicle characteristics 
 Maintenance 
 Ownership 
The organisation 
 Safety culture and climate 
 Business sector and occupation 
The journey/environment 
 Miles driven 
 Percentage of work driving 
 Road conditions 
2.3 Risk factors 
The individual risk factors are summarised in the four categories displayed the table 
above are discussed in more detail in the following sections. 
2.3.1 Driver risk factors  
Age and marital status 
Age has often been included in studies on work-related road safety but is highly 
correlated to driving experience (Lynn et al., 1998).  The majority of work-related 
collisions in NSW, Australia, and France have involved 25-34 year olds (Boufous et 
al., 2006; Charbotel et al., 2001; Charbotel et al., 2010).  Boufous et al. (2009) and 
Stuckey et al. (2010) reported that in NSW, Australia, older drivers were more likely 
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to suffer perminant disability or death in work-related traffic collisions.  The 
collision risk of US truck drivers was also found to decrease with age (Rodríguez et 
al., 2003).  Work-related drivers under 30 years of age had a reduced risk of injury 
(OR = 0.9) (Stuckey et al., 2010).  The rate of fatal work-related motor vehicle 
traffic injuries in New Zealand and the US increased with age but in Australia there 
was additional risk for those aged between 20 and 34 (Driscoll et al., 2005; Green et 
al., 2011).  A ‘bathtub’ risk curve could result from older drivers being unable 
compensate for their decreasing abilities (Pratt, 2003).   
The conclusion of this review is that younger drivers were more likely to have been 
involved in a collision while older drivers were more likely to have had a serious 
outcome if a collision occurred.   
Marital status has been studied with regard to work-related collisions with singles 
reports as facing greater risks in Finland, US and Brazil(Salminen, 2000) (Barreto et 
al., 1997; Rodríguez et al., 2003).   
Speeding 
Fifty per cent of British company car drivers reported having exceeded the 
motorway’s speed-limit by over 10 mph and it was more important for employees to 
get to meetings on time than to obey the speed limit (Adams-Guppy et al., 1995).  
Work encourages drivers to speed because at work drivers can view speeding 
positively as it saves time although traffic violations are viewed negatively by co-
workers and management to Caird et al. (2004).  Speeding has been identified as a 
contributory factor in Australian work-related road fatalities (Mitchell et al., 2004).  
One-in-six male and one-in-ten female drivers making road related workers 
compensation claims were speeding at the time of the incident (Boufous et al., 
2006).  Speed 10 mph above the posted limit was found to increase the risk of 
serious injury amongst at work drivers (OR = 1.2) (Boufous et al., 2009).  Stuckey et 
al. (2010) also found an increased injury risk for work-related collisions involving 
speeding (OR = 1.3).  In the UK, Clarke et al. (2009) reported excess speed was the 
main contributory factor in car collisions by at work drivers.   
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, this does not prevent employees from speeding.  French power workers reported 
they speed less after retirement (Bhatti et al., 2008) whereas work-related drivers in 
Australia reported they were less likely to speed while driving for work than for 
leisure (Newnam et al., 2004).  This behaviour appears to depend on the situation 
although no measured speed data or violations were used in the studies. 
Distractions 
Concerns over increased injury risk from eating, drinking, mobile phones and other 
in-vehicle technologies have also been reported with respect to at work drivers 
(Downs et al., 1999; Pratt, 2003).  Mobile phone use was shown to increase the risk 
of collision amongst general drivers in Canada and importantly little benefit has 
been found by using a hands-free kit (OR = 3.8) compared to handset (OR = 4.9) 
(Redelmeier et al., 1997).  French power workers indicated that their mobile phone 
use halved following retirement (Bhatti et al., 2008) indicating that work influences 
mobile phone use.  Hislop (2012) discovered that 50% of UK business drivers, on 
duty or commuting, were “serial callers” who continuously used a phone in their 
cars.   
Fatigue 
Fatigue and sleepiness were the most frequently researched topics found in a 
systematic review of work-related road safety (Robb et al., 2008) and has been 
responsible for elevating collision and injury risks in general and work-related 
driving (Bomel Ltd., 2004; Boufous et al., 2009; Chiron et al., 2008; Connor et al., 
2002; Stuckey et al., 2010).  Precise estimates of the effect vary.  Collision analysis 
in the UK (Clarke et al., 2009) found 2.6% of work-related collisions indicated 
fatigue as a causal factor.  In Australia, Williamson et al. (2007) found fatigue 
collisions represented a lower proportion of work-related collisions than non-work-
related collisions (6.8% v. 8.4%).  
Boufous et al. (2009) reported that fatigue was not significant in a multivariate 
model of injury severity despite a bivariate association.  This supported the earlier 
finding that fatigue was only a possible but un-quantified contributory factor in 
work-related road fatalities (Mitchell et al., 2004).  Tiredness was found increased 
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injury risk (OR= 2.1).  In a study of occupational light vehicles (OLV) in NSW, 
Australia, (Stuckey et al., 2010) but it had no effect on fatality risk, a finding which 
is contrary to results from the UK (Clarke et al., 2009).  
Tiredness following night shift is of special concern.  McKenna (2008) found that 
those working night shift were 1.4 times more likely to have been involved in a 
collision and 2.1 times more likely to have fallen asleep at the wheel compared to 
those working in the daytime.  Akerstedt et al. (2005) used simulator drives to 
measure the performance of ten workers before and after their night shifts.  Four of 
the subjects were unable to complete their shift due to sleepiness so did not take 
their post shift assessment.  Shifts of over 24 hours by US medical interns increased 
their commuting collision risk (OR =2.3) (Barger et al., 2005). 
Alcohol or drugs 
Alcohol and drugs were contributory factors in Australian work-related road 
fatalities where Harrison et al. (1993) found 15% of on duty fatalities and 13% of 
commuting fatalities had blood alcohol concentration (BAC) above 0.05 g/100 ml.  
Later Mitchell et al. (2004) found alcohol to be important in 7.2% of work-related 
road fatalities.  By contrast, in NSW, Australia, two per cent of workers 
compensation claims for collisions had illegal BAC levels (Boufous et al., 2006) and 
alcohol was reported as not increasing severity risk, although there was little BAC 
information in the collision database (Boufous et al., 2009; Stuckey et al., 2010).  In 
the UK those driving cars were more likely to have alcohol as a collision factor than 
other types of at-work driver (Clarke et al., 2009).   
Long distance truck drivers reported that stimulants were the most frequently used 
drug.  Four per cent of US truck drivers reported using narcotic analgesics, 
antihistamines or benzodiazepines and these were associated with increased 
collision risk, however, stimulants did not contribute to collision risk. (Howard et 
al., 2004).  In Australia, drugs contributed to 7.6% of work-related deaths for which 
drug levels were available, with stimulants (amphetamines and related compounds) 
mostly involved (Mitchell et al., 2004).   
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Personality and attitudes 
The work-related collision rates of German veterinarians was related to their 
attitudes to risk and aggression (Trimpop et al., 2000) while for Brisbane taxi drivers 
the same traits were related to their safety behaviour (Machin et al., 2004).  In 
contrast, Burns et al. (1995) were unable to find a significant relationship between 
Canadian taxi drivers’ collision history and personality or driving style.  Similarly 
Cartwright et al. (1996), Dimmer et al. (1999) and Clarke et al. (2009) did not find a 
large contribution of personality to collision claim risk in UK at work drivers.  The 
most surprising result, however, was that of Broughton et al. (2003) who reported 
that the dependency of self-reported attitude to risk had the opposite sign to that 
expected.  It was suggested that collisions may have altered drivers’ attitude to risk 
so the dependency reflected their post-collision attitudes not those held at the time of 
the collision.  Newnam et al. (2008) demonstrated that drivers’ perceptions of the 
managers’ safety attitudes (rather than that of the supervisors) were associated with 
the motivation to drive safely.   
Health 
Many illnesses have been associated with workers’ collisions including extended 
sick leave (Chiron et al., 2008).  Pain in middle aged men who reported treated 
dental or gum problems (HR = 8.57) and women who reported treated renal colic or 
kidney stones (HR = 9.71) were much more likely to be involved in a serious 
collision (Lagarde et al., 2005).  Dionne et al. (1995) showed that untreated diabetic 
truck drivers have greater risk of collision than those in good health (RR = 1.8) but 
there was no elevated risk if drivers received insulin treatment.  Hypertension in bus 
drivers was associated with increased risk (RR = 5.7) of severe collision 
involvement (Laberge-Nadeau et al., 1996). 
Problems with vision have been linked to greater risks.  Even after controlling for 
exposure and other factors, poor binocular vision has been associated with more 
severe collisions (RR = 2.46) in truck drivers (Laberge-Nadeau et al., 1996), and 
increased collision risk (RR = 3.81) in taxi drivers (Maag et al., 1997).  Elevated risk 
of serious collision for women with treated glaucoma (HR = 5.76) and men with 
treated cataracts (HR = 5.34) have been reported (Lagarde et al., 2005). 
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Hearing loss also influenced road safety.  Barreto et al. (1997) reported the 
contributors to fatal motor-vehicle collisions in Brazilian steel workers were 
defective hearing (OR = 2.28) and moderate or high noise levels in the workplace 
(OR = 1.71 and OR = 2.00 respectively).   
Skills 
Rather that the lack of skills, it was suggested that the lack of risk appreciation 
caused collisions (Bomel Ltd., 2004).  Trainers and drivers participating in a UK 
focus group believed skills to be an important component of collision risk (Downs et 
al., 1999).  In the US, driver competence was classed as a critical issue in workplace 
influenced risks to drivers (Pratt, 2003).  Despite firmly held beliefs of participants 
there are no quantified studies to support these views. 
2.3.2 The vehicle risk factors 
The vehicle has a major influence on collision outcome and risk factors (Clarke et 
al., 2009; Mitchell et al., 2004; Stuckey et al., 2010).  The collision worthiness and 
safety features of an organisation’s vehicles have a two-fold effect on general safety.  
First by their impact on subsequent owners (Murray et al., 2003) and also by the 
increased likelihood of these safety features being fitted as standard for private 
purchasers (Haworth et al., 2000). 
Vehicle characteristics 
Work-related collisions of taxis, heavy trucks, light trucks, others or motor cycles 
were more likely to be severe (OR = 2.3, 1.5, 1.3, 1.15 or 1.1 respectively) 
compared to the those of cars (Boufous et al., 2009).  OLV drivers were more likely 
to be injured if they were in 5-10 year old vehicles (OR = 1.2) (Stuckey et al., 2010).  
Clarke et al. (2009) found that explanatory collision factors depended on the vehicle 
type although most of the factors were driver related.   
In the UK, the size and power of an organisation’s vehicles have been related to 
increased speed and convictions for speeding (Downs et al., 1999; Stradling et al., 
2001).  By contrast, Stuckey et al. (2010) determined that OLV drivers in NSW 
were more likely to be injured if they had engine capacity of less than two litres 
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(OR = 1.3).  Thirty per cent of French work-related collisions involved two-wheeled 
vehicles (Charbotel et al., 2010) while in Australia they formed 15% of collision 
related compensation claims and 29% of serious or fatal collisions (Boufous et al., 
2009).   
Ownership 
The belief that an organisation’s vehicles are ‘not mine’ results in lack of 
responsibility for collisions with little or no cost or inconvenience to replace, repair 
or insure vehicles (Adams-Guppy et al., 1995; Downs et al., 1999).  This 
phenomenon is as large as 40-50% (Lynn et al., 1998) and was termed the “fleet 
driver effect” (Grayson, 1999).  Increased injury risk in government owned vehicles 
has also been reported (OR = 1.4) (Stuckey et al., 2010).   
2.3.3 The organisational risk factors 
An organisation has control over many driver, vehicle and journey factors for 
example through hiring, employment, procurement, training and travel policies.  
Consequently there is a conflict concerning how some factors should be categorised.  
In this section factors are organisational if they are central to the organisation itself 
rather than being something over which it has influence. 
Safety culture and climate 
The evaluations of industrial or work-related driver safety that are both reliable and 
comparable across organisations are rare, especially if injury outcomes are used 
(Bomel Ltd., 2004; Haworth et al., 2000; Murray et al., 2003; Robb et al., 2008).  
The role of safety culture on work-related road safety at a company level was not 
found to be conclusive, with only a moderate relationship between SC and driver 
attitudes (Bomel Ltd., 2004).  An association between safety and management 
practices indicative of a strong culture were also reported in a study of road risk in 
trucking companies (Mejza et al., 2003). SC was not found to be significant in 
collision or traffic offence models (Wills et al., 2009) but was found to be predictive 
of self-reported fatigue-related near misses (OR = 0.59) (Strahan et al., 2008).   
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Business sector and occupation 
This represents a major influence on safety with truck drivers suffering the worst 
collision rates (Boufous et al., 2006) and most deaths (Green et al., 2011).  The most 
serious work-related collisions in France involved those in “self-employed trades 
and services” (Charbotel et al., 2001) while the highest fatality rates in Australia, NZ 
and the USA were amongst “trades workers, operators and labourers” (Driscoll et 
al., 2005).  The risk of collision was reported to be smaller for senior managers and 
professionals (Lynn et al., 1998).  Other drivers have specific risks.  Taxi drivers in 
NSW were found to have a higher risk (OR =  2.4) of serious injury and death, 
(Boufous et al., 2009) and in the UK they had issues with gap judgement prior to 
manoeuvring (Clarke et al., 2009).   
2.3.4 The journey or environmental risk factors 
Making a journey carries with it an underlying risk and studies have explored the 
risks associated with various journey related characteristics.  Removal of all risk 
would mean eliminating travel. 
Miles driven 
Exposure plays a part in the collision rate and distance driven is a measure of 
exposure (Lynn et al., 1998; Stuckey et al., 2010) with business drivers travelling 
further than the general population (Lynn et al., 1998).  
Percentage of work driving 
Broughton et al. (2003) reported an increased risk such that drivers who drove 80% 
or more of their mileage for work suffered a 53% higher collision risk.  This result 
has not been reported in other studies. 
Road conditions 
Slippery roads and wet weather contributed to work-related collisions in the UK and 
fatalities in Australia (Clarke et al., 2009; Mitchell et al., 2004).  It was not stated 
that these driving conditions were exacerbated by work-related road safety, 
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however, work-related journeys are less likely to be rescheduled for poor weather 
than are private journeys.  
Journey type 
Journeys can be private, for business or commuting.  Clarke et al. (2009) found that 
causes of work-related collisions were not particularly different to the causes of 
those related to other journey types.  More fundamental is the need for the journey to 
be made in the first place. 
In most jurisdictions commuting is not included as work for road safety purposes but 
has been included by some work-related road safety researchers (Boufous et al., 
2006, 2009; Charbotel et al., 2010; Salminen, 2000; Zepf et al., 2010).  In NSW, 
75% of the road casualties claiming workers’ compensation were from commuting 
(Boufous et al., 2006) and they were more likely to be severely injured (OR = 1.28) 
(Boufous et al., 2009).  In France, commuting casualties were 80% more frequent 
than those on duty (Charbotel et al., 2010) and twice as frequent in Finland 
(Salminen, 2000).  The effects of employment has been found to extend beyond the 
working day with increased commuting risks in fatigued staff (Akerstedt et al., 
2005; Barger et al., 2005; Radun et al., 2011).  
2.3.5 Risk overview 
With such a large number of risks and differing data sources on which the risks were 
estimated, the strength of evidence for each risk, as well as there being variability in 
the exposures of each driver it would be impossible to create a unified ranking of 
risks.  Work-related road risks have also been reported as being little different to 
those of general driving (Clarke et al., 2009) despite evidence for a company driver 
effect (Lynn et al., 1998).   
The above factors can be used as a guide to understanding which factors influence 
risk.  It is clear from the literature that risks are specific to each combination of 
driver, vehicle and journey factors which should be assessed for an organisation 
given its individual profile.  A range of prioritised interventions can be created from 
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this profile to improve their road safety.  A review of such interventions are 
reviewed in the next section. 
2.4 Interventions to improve work-related road safety  
In the following section the evidence supporting interventions to improve work-
related road safety is reviewed.  Risk specific and generic interventions are 
summarised using the same categories as for the risk factors, i.e. drivers, vehicles, 
organisations and journeys.  Not all risks have countermeasures that have undergone 
rigorous evaluation in a fleet setting so evidence from other sources is used.  Several 
reviews have been published but these have not matched interventions to risks 
(Banks et al., 2010; Grayson et al., 2011; Haworth et al., 2000; Mitchell et al., 2012; 
Murray et al., 2003; Newnam et al., 2011).   
Interventions can be based on culture change or behaviour change, which are 
contrasting approaches to safety management.  Culture change is management-led 
and aims to change the underlying values and attitudes of the workforce (Bomel 
Ltd., 2004; Murray et al., 2003) whereas behaviour change is focused on specific 
risks which are generally driver centred (Hickman et al., 2007; Ludwig et al., 2000).  
2.4.1 Driver interventions 
This section reviews how organisations can reduce the risks associated with drivers.   
Interventions based on demographic factors 
General laws restrict driving by the very young and very old.  In response to the 
‘bath-tub’ shape of the age-risk relationship, Pratt (2003) stated that employers must 
ensure that expectations do not break the applicable graduated driving licence laws.  
Older employees should be able to reduce their risk just as older private motorists 
self-regulate their driving.  RoSPA (2009) found many organisations restrict driving 
or offer training to young drivers.  No evidence was found for successful 
implementation of controls aimed at old or young drivers at work. 
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Speed control 
A number of interventions to reduce speed related collisions in the work context 
have been outlined by PRAISE (2011).  These included the introduction of policies, 
travel and journey planning, set realistic schedules and ensure that current practice 
does not contribute to speeding.  In addition they suggested speed management 
technologies such as intelligent speed adaptation (ISA), speed limiters and 
telematics.  Carsten et al. (2008) reported on a successful evaluation of ISA on rural 
and urban roads in the UK with fleet and private drivers.  Newnam et al. (2009) 
reported a small effect on self-reported speeding using participative training in an 
Australian organisation.   
Removing distractions 
Use of mobile phones are have been reported as the most usual distraction for 
business drivers (PRAISE, 2010b).  Technical countermeasures are possible but 
policy initiatives are more common, with most European countries having banned 
their use.  Following a policy change, a UK organisation achieved a 20% reduction 
in mobile phone costs while in another handbrake phone interlocks were introduced 
(PRAISE, 2010b).  The rigorous evaluation of the effects of these interventions in 
business settings has not been reported.  Twenty per cent of Fortune 500 companies 
have restrictions on mobile phone use while driving and have anecdotally reported 
improved productivity (NSC, 2012).   
Combating fatigue 
The need for education of employers and employees around journey planning, 
driving while sleepy, and at certain times of the day has been highlighted.  While the 
only effective countermeasure for sleepiness was a thirty minute break combined 
with a short nap of up to 15 minutes and a caffeinated drink (Horne et al., 1999).  
Rest breaks taken by US truck drivers were found to reduced collision risk (OR ~ 
0.5) (Jovanis et al., 2012).  Mets et al. (2009) also suggested shift workers reduce 
tiredness by napping, taking targeted stimulants such as modafinil or by altering 
their circadian rhythm by use of by bright light and melatonin.  Data on the 
effectiveness of these approaches were not given.  The uncontrolled use of 
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stimulants by truck drivers, however, was associated with greater collision risk 
(Howard et al., 2004). 
Fatigue risk management systems (FRMS) have sound underlying principles 
although there is limited experience in its implementation (Gander et al., 2011).  
Dinges et al. (2005) evaluated four fatigue management technologies in a case-
control design with truck drivers in Canada and the US.  The system reduced the 
work involved in controlling vehicle stability while driving, and provided 
information on driver sleep needs, driver drowsiness and lane tracking performance.  
The results indicated significant improvement in lane tracking and driver 
drowsiness.   
Fatigue management has been shown to be a complex task with no simple yet 
practical solution being available.  Awareness of risk by drivers and management 
together with the introduction of actions based on the five layer FRMS may give 
benefits, however, only technological interventions such as that of Dinges et al. 
(2005) or as a last resort a break and coffee (Horne et al., 1999; Jovanis et al., 2012) 
have demonstrated efficacy against fatigue whilst driving.  None of these studies 
used collisions as an outcome so the interventions could not directly demonstrate 
any improvement in on-road safety. 
Removing stress related incidents 
Initiatives to reduce stress and enable employees to handle stress might have been 
suggested as ways to improve work-related road safety, e.g. time management, 
although investigated no investigation was carried out Cartwright et al. (1996).  It is 
a likely countermeasure since stress can be regarded as a result of a perceived 
imbalance between demands and resources (Strahan et al., 2008).  Job specific 
changes as exemplified by route improvements in bus operation (Evans et al., 1999) 
improved driver stress but excluded collision analysis. 
Alcohol and drug controls 
Random and directed tests have been the most usual intervention against alcohol and 
drug use.  Mandatory alcohol testing of US truck drivers indicated a decline in the 
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risk of fatal drink related collision involvement (OR = 0.77) (Brady et al., 2009).  
Miller et al. (2007) found that alcohol testing combined with peer support reduced 
the injury rate by one third.  Some evidence was found for the efficacy of mandatory 
drug testing (or the threat of testing) in reducing fatal collisions (Jacobson, 2003). 
Alcolocks prevent a vehicle from being started until an acceptable breath sample is 
provided.  Willis et al. (2004) found alcolocks to be an effective deterrent to 
recidivism for drink drivers amongst general motorists (relative risk, RR = 0.36) 
although this did not continue to be effective post installation.  Bjerre (2005) 
reported on primary and secondary programmes of drink driving prevention.  In the 
former intervention, the presence of high BAC resulted in three out of 1000 
attempted starts being prevented, although the resulting effect on collisions was not 
available.  Alcohol consumption, blood tests and police recorded incidents all of 
which were improved as a result of the intervention although the effect on collisions 
was unknown.   
The safest US trucking companies operated a hiring policy which rejects applicants 
formerly dismissed for alcohol or drug violations (Mejza et al., 2003).  
Health promotion 
There is a dearth of quantified, well documented health related interventions leading 
to improved safety outcomes.  Poor health has been associated with raised collision 
risk as indicated in Section 2.3.1 above so by extension, measures to promote 
improved health could be expected to improve safety.  PRAISE (2010a, p. 2) 
included the following items in unquantified workplace health interventions, many 
of which are included as separate intervention items;  
“. stress, sleepiness, distraction, ageing staff, unhealthy diet, consumption of alcohol 
illegal drugs or prescription medicine, pre-existing diseases, smoking, lack of 
exercise, etc.”.   
No quantitative or qualitative outcomes were discussed for any of these actions.  
Eyesight testing was used in a fleet setting (Murray et al., 2012) although no safety 
impact was stated.   
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Improving seat belt use 
Improved and sustained seat belt wearing in pizza delivery drivers was achieved 
using promise cards, goal setting, policy setting, feedback and community based 
change agents (Ludwig et al., 2000).  A modest yet short term increase in seatbelt 
use at a hospital was achieved using an intensive campaign.  Usage improved from 
74% to 81.5% but returned almost to the baseline level a month after the end of the 
campaign (Scheltema et al., 2002).  Boyce et al. (1999) failed to increase belt use at 
a after a two year programme of written prompts, goal-setting, goal-setting plus 
feedback, and promise-card commitments.   
In a small test, haptic feedback to the accelerator pedal made all six drivers wear 
seat belts (Van Houten et al., 2011) . 
Group discussions 
Group discussions were used successfully in work-related road safety for Swedish 
telecommunications workers (the Televerket study), and Finnish electrical engineers 
Japanese bus drivers (Gregersen et al., 1996; Misumi, 1989; Salminen, 2008).  
These interventions were not specific to a single risk but identified risks and 
countermeasures by holding multi-round problem solving sessions.  The group 
discussion portion of multi intervention study (Gregersen et al., 1996) achieved the 
best collision and cost reductions of four experimental groups.  Significantly, the 
interventions were not always purely discussions but resulted in a number of 
unspecified countermeasures with the programme receiving high level managerial 
support.   
Training initiatives 
Training is often used to improve driver skills but meta-analysis (Ker et al., 2005) 
and review (Beanland et al., 2013) found little beneficial effect overall.  Stanton et 
al. (2007) took the view that, rather than undermining training, the analysis 
demonstrated that course content and methodology was critical to its success.  In an 
evaluation of work-related driver training trained drivers were 8% less likely to 
report a collision compared to those who were untrained (Lynn et al., 1998).  The 
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reasons for training, and details of the training were unknown, further more 
collisions were self-reported.  Those trainees may have represented risky drivers 
who received training after a poor driving record or cautious drivers who wanted to 
be trained.   
Training employees to comprehend their driving limitations using a three element 
programme resulted in an improved collision risk ratio of 1.67 (Gregersen et al., 
1996).  Salminen (2008) reported a study to improve the driving of Finnish 
engineers using anticipatory driver training which resulted in a 21% increase in 
collisions over the subsequent three years despite expert assessment of safety 
indicators having shown improvement.  This reinforces the need to include collision 
data in addition than other indicators.  Supporting the view of Stanton, that specific 
content of training is important, Haworth et al. (2000) reported increased insurance 
claims following skills and defensive driver training in Australia.  Stanton et al. 
(2007) reported that one-to-one individualised driver coaching showed improvement 
in driving behaviour amongst general drivers.  Insight training for Swedish 
ambulance drivers using e-learning (Albertsson et al., 2011) evaluated using self-
reports.  This resulted in small improvements in attitudes but there was no analysis 
of collision data.  Finally quality training programmes were associated with US 
truck companies with the best safety records (Mejza et al., 2003).   
A number of studies have demonstrated improvements in safe driving but there is no 
study that has satisfactorily evaluated the effectiveness of driver training based on 
collision outcomes in the context of work. 
Rewards 
The role of rewards, incentives or disincentives in work-related road safety is 
complex and should be constructed carefully (Haworth et al., 2000; Hickman et al., 
2007; Wilde, 1998).  Incentives and disincentives can lead to under and dishonest 
reporting.  Such behaviour would be counterproductive to the longer term goal of 
analysing collision data. 
Several studies have determined that increased pay is associated with improved 
safety.  A group based bonus improved the safety performance (risk ratio = 1.3) of 
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Swedish telecommunications engineers (Gregersen et al., 1996).  A sample of 
drivers in the UK who self-reported as having received a reward had 21% fewer 
accidents compared to those who had not received a reward, although this was only 
at the 90% confidence level (Lynn et al., 1998).  Mejza et al. (2003) reported that the 
use of an array of different rewards was associated with the safest US truck 
operators.  Rodríguez et al. (2003) found higher pay rates and pay increases were 
associated with lower expected collision counts.  Rodríguez et al. (2006) reported 
how the change in pay structure affected safety improvements.  The analysis showed 
that the effect appeared to diminish over time and there was evidence that older and 
more experienced drivers were retained following the pay rise.   
2.4.2 Vehicle interventions 
This section reviews how vehicle centred changes can reduce incident risks.  In the 
UK, fleet vehicles tended to be newer and possess more safety features than the 
general fleet (Lynn et al., 1998).  It is possible, however, that new risks can be 
introduced, such as those from in-vehicle technology (Dinges et al., 2005).  
Maintenance 
All vehicles must receive adequate preventative maintenance (Haworth et al., 2000; 
Murray et al., 2003).  Two specific maintenance issues regarding removal of petrol 
vapour and carbon monoxide contaminants have been reported (Chiang et al., 2005; 
Jovanovic et al., 1999) in older specialist vehicles.  No general maintenance 
programmes have been reported to have improved fleet safety although one could 
conjecture that a lack of maintenance reduces road safety.  Clarke et al. (2005) found 
only 1.5% of those sampled in an in-depth study into work-related collisions 
involved vehicle defects.  Braking faults in heavy trucks and vans/pickups were 
prevalent. 
In vehicle data recording (IVDR) 
This technology can alternatively be described as on-board data diagnostic, 
measurement or recording, commonly known as telemetry.  Wouters et al. (2000) 
evaluated the use of data recorders in 270 vehicles in a controlled experiment which 
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resulted in a 20% reduction in collisions.  Hickman et al. (2011) studied the use of 
IVDR in two trucking companies and reported 37% and 52% reductions in safety 
events and 59% and 44% fewer severe events although the latter were not 
statistically significant.  Myers et al. (2011) reduced severe g-force events by 
approximately 40% in 54 ambulances over a two year period.  While Newnam et al. 
(2014) reduced speeding in 16 community care workers over a five week period.  
The authors indicated that although monitoring was important, driver coaching and 
feedback was being responsible for the reduction in events. 
Other vehicle based interventions 
Vehicle selection (including crashworthiness), pre-journey checks, and the 
investigation of the vehicle and telemetry information following a collision have 
been suggested as possible interventions (Haworth et al., 2000; Murray et al., 2003) 
although no data on the impact of these actions on a fleet have been provided. 
2.4.3 Organizational interventions 
Organisational mechanisms can be used to improve road safety (Bomel Ltd., 2004; 
Murray et al., 2003; Pratt, 2003).  Murray et al. (2003) suggested the following 
cultural interventions should be used to control fleet safety; policy and procedures, 
organisational climate, management structure, board level champion, OHS or 
quality-led systems and the implementation of a safety committee.  Pratt (2003) also 
suggested a range of employer actions to improve safety which included seat belt 
use policies, vehicle choice, driving performance and record keeping, fatigue 
management system and ensuring that correct vehicle driver licensing with specific 
training.  Many of these initiatives result in driver, vehicle or journey interventions.  
Information campaigns 
Running campaigns aimed at staff and others have only shown limited success.  One 
leg of the study by Gregersen et al. (1996) consisted of communicating five 
seasonally appropriate messages.  The number of claims made by the drivers was 
unaffected but costs were reduced.  Scheltema et al. (2002) observed a small 
improvement in seatbelt wearing by staff of a hospital trauma centre following an 
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intensive campaign, although this reverted to the base level within one month.  
Ludwig et al. (2000) used a customer road safety information campaign to increase 
seatbelt usage by employees and in the wider community although no measurements 
of belt wearing were made in the latter group.  The pizza delivery drivers increased 
both seatbelt and turn signal use over a period of 24 weeks after the end of the 
campaign.  Telephone follow-up in the community indicated there were positive 
behavioural changes but no data were gathered on seat belt wearing rates.   
Hiring 
The whole hiring process from job specification to induction and training can have a 
profound effect on safety (Murray et al., 2003; Pratt, 2003).  Mejza et al. (2003) 
reported that US trucking firms with the best safety records applied consistent 
screening criteria when hiring drivers.  Rodríguez et al. (2003) suggested that hiring 
policy could indirectly influence safety by targeting drivers, such as those who are 
older and more likely to be safe drivers.  Hiring interventions may simply shift the 
problem to another organisation rather than improve the overall quality of available 
drivers unless standards across the industry can be raised.  
Auditory and visual tests have been evaluated for possible pre-hire screening.  An 
auditory selective attention test was significantly associated recorded preventable 
collisions for 60 American petroleum delivery drivers (Arthur et al., 1990).  In a 
similar fashion, a visual attention test was a predictor of self-reported road collisions 
in a sample of 324 students (Arthur et al., 1994).   
Policy changes 
An organisation may make policy changes at the beginning of a change programme 
(Murray et al., 2009).  Introducing a policy to promote seatbelt wearing had a small 
and short lived effect (Ludwig et al., 2000).  Even though, ‘Mandatory use of seat 
belts is the single most important driver safety policy that employers can implement 
and enforce’, (Pratt, 2003, p. 61) this policy change did not result in significant and 
lasting results.  Policy change must be followed by an implementation so any 
performance change can be the result of both the policy and the quality of 
implementation.  For example, South Australia’s policy of offering vehicles with the 
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highest safety standards was followed by collision reduction of up to 20% (Leyson, 
2010).   
2.4.4 Journey related interventions 
Murray et al. (2009) identified a set of journey and environment related 
countermeasures which could be applied to the phases before, during and after the 
incident as specified by the Haddon matrix.  There were a total of seven journey 
related items of which six related to before the journey, i.e. “Need to travel”, “Modal 
choice”, “Journey planning and route selection”, “Shifts/working time” and, 
“Fatigue management”, and after the journey only “Debrief and review” was 
identified.   
Six countermeasures were identified as being relevant to the site and environment of 
which four could be applied before the incident, i.e. “Risk assessments”, 
“Guidelines”, “Site layouts” and “Road improvement”.  The only at the scene 
countermeasure identified was to “Manage scene”, and post-event the sole action 
was to “Investigate and improve”.  Examples were not given as to specific actions 
and the effect of each intervention, although the improvements in compliance to 
many of these countermeasures were documented.  
2.4.5 Intervention frameworks 
Countermeasures have not only been focused on individual risk factors, but there are 
also systems based or integrated approaches to work-related road safety.  The 
following section provides examples of the types of systems or frameworks 
proposed including the Haddon Matrix, Multiple Intervention Levels, self-
monitoring, ISO39001, auditing and benchmarking. 
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The Haddon matrix 
This framework, originating from Haddon (1972), was developed to better 
understand general road safety by studying three collision factors
1
 (Human, Vehicle 
& equipment and Environment) over three phases (Pre-event, At-scene and Post-
event) such that each cell in the matrix contains a set of risk factors.  The number of 
factors has been increased in later implementations (Murray et al., 2003; Murray et 
al., 2010b).  A further progression has been to include countermeasures rather than 
risk factors in the matrix.  Table 2-2 contains examples of countermeasures in an 
adapted Haddon Matrix framework.   
Multiple intervention level (MIL) 
The MIL model (Ludwig et al., 2000) recognises that the effectiveness, intensity and 
costs of interventions differ markedly.  Only the most intrusive and costly 
interventions are targeted towards those who have not already responded to lower 
level interventions.  Boyce et al. (1999) used the MIL model to explain the failure of 
a programme of diverse interventions to improve belt wearing.  Multiple 
applications of interventions at low level of intrusion failed to increase compliance 
whereas increasing the intrusiveness resulted in a modest increase in usage.  The 
intensity versus effect relationship was further demonstrated by the four 
experimental groups in the intervention study of Gregersen et al. (1996).  A 
published case-study (Murray et al., 2012) has documented the long term 
management of work-related road safety using multiple interventions (Murray et al., 
2003) without precisely apportioning the benefits.   
 
                                                 
1
 Haddon used the word factor which did not refer to a specific risk factor as used here 
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Table 2-2 Summary of BT countermeasures in the adapted Haddon Matrix framework, from Murray et al. (2010b)  
Stage Management culture Journey Road/site 
environment 
People Vehicle Society/community/brand 
Pre-
event  
Business case 
Policy and procedures 
Organisational climate 
tools 
Management structure 
Board level champion 
Pilot and evaluate policy 
and process  
Safety or quality-led  
Safety committee 
Safety pledge 
Contractor standards 
Travel surveys 
Purpose 
Need to travel 
Modal choice 
Journey planning 
and route selection 
Shifts/working time 
Risk assessments 
Guidelines 
Site layouts 
Road 
improvement 
Select 
Recruit 
Induct 
Handbook 
Assess 
Train 
Driving pledge 
Selection 
Maintenance 
Checking 
Telemetry to monitor  
Marketing programme  
Community involvement 
Safety groups 
Road safety week 
European Road Safety 
Charter 
Driving for better business 
Conference circuit 
CSR, media and PR 
Safety awards 
External benchmarking 
Regulator briefings and 
involvement 
Family/young driver 
program 
At 
scene 
Emergency support to 
driver 
 Manage scene Known process to 
manage scene 
Crashworthy  
Telemetry to capture 
data 
Escalation process 
Post-
event 
Report, record, investigate 
and evaluate 
Review and Change 
manage 
Debrief and review  Investigate and 
improve 
Driver debrief  
Counselling & 
support 
Reassess/train 
Investigate  
Telemetry data  
Vehicle inspection & 
repair 
Manage reputation and 
community learning 
process 
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Driver-monitoring and feedback 
Driver monitoring has been self-reported or using IVDR equipment.  A 12% 
increase in the safety performance of four bus drivers was demonstrated using self-
monitoring with feedback from supervisors (Olson et al., 2001).  Although there 
were few drivers in the study, this effect was similar to that reported by Hickman et 
al. (2011) in truck drivers, and by Myers et al. (2011) and Newnam et al. (2014) in 
clinical settings.  These latter three interventions used in-vehicle data recording 
rather than self-reporting but both used feedback to change driver behaviour. 
ISO 39001 
This is the international standard tool for road safety using the Safe Systems vision 
of zero fatalities or serious injuries (Crackel et al., 2010)(ISO 39001:2012, 2012).  
The standard was available from 2013 and as yet no detailed or peer reviewed 
reports of its use or effectiveness have been published and take-up remains low. 
Audit and benchmarking 
Benchmark strategies have been described in which aspects of fleet safety are 
audited against comparators (Haworth et al., 2000; Mitchell et al., 2012; Murray et 
al., 2003).  Murray et al. (2003) stressed the value of benchmarking, but feedback 
from a safety forum questionnaire indicated the difficulties in making valid 
comparisons across fleets with varied characteristics.  Mejza et al. (2003) carried out 
such an audit when finding the characteristics of the safest US trucking companies 
but omitted those with the worst records.   
2.4.6 Summary of frameworks 
A number of frameworks have been proposed but convincing evidence for the 
success of the methods has not been available.  Newly proposed methods (e.g. ISO 
39001 and multiple level interventions) have not yet been adopted although the ISO 
standard methodology has been embraced as a quality system and may become more 
important.  The Haddon matrix has the longest history of use and has relatively few 
adherents.  Benchmarking appears to be quoted most commonly and this does have 
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an intuitive appeal.  Peer reviewed support for benchmarking was only obtained 
from analysis of the safest US truck fleets although it may not be a critical safety 
factor.  Other frameworks for the management of light vehicle fleets have also been 
published (Mitchell et al., 2012; Newnam et al., 2009) but no studies have yet been 
published to validate the frameworks. 
Given the impact of fatigue and distractions on occupational drivers, Broughton et 
al. (2003) concluded that organisations should change the way in which employees 
drive.  Reviews of work-related road safety (Haworth et al., 2000; Murray et al., 
2003; Stuckey et al., 2007) have recommended a range of policies, procedures and 
practices based on different frameworks all incorporated within OHS.  Grayson et al. 
(2011) questioned the value of actions contained in many reports for, among other 
things, claims of “best practice”, use of “management speak”, claims based on 
anecdotes, and especially for a lack of commitment to the evaluation of these 
interventions.  They conceded the difficulties involved in rigorous evaluations that it 
was ‘very probable that only a very small part of the entire road safety literature 
would be eligible” (Grayson et al., 2011, p 24).   
2.5 Summary of work-related road safety intervention studies 
Interventions to improve work-related road safety have been identified previously 
(Haworth et al., 2000; Mitchell et al., 2012; Murray et al., 2003; Newnam et al., 
2011) but few studies were shown to be robust.  The current review has extended 
previous work updated risk factors by searching peer reviewed studies.  
The review has uncovered a number of risk factors faced by at work drivers.  Many 
studies have relied on indirect safety measurements such as safety climate, driver 
attitudes and behaviour.  While these are useful safety indicators the long term 
impact of each risk factor on safety was not clear.  Most risks affected all drivers 
(e.g. journey length and driver age) but others have increased prevalence in some 
business drivers (e.g. taxi drivers) or were exacerbated by work conditions (e.g. 
fatigue after long shifts).  The magnitudes of risk factors were quantified when using 
collision or other data but not if the study was based on interviews.  Even when 
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quantitative analysis was used the reported risk can depend on the precise data or 
methodology used and risk rankings were specific to an organisation.   
Driver related interventions were most commonly reported, especially those to 
combat fatigue in the trucking industry (Banks et al., 2010; Boyce et al., 1999; 
Dinges et al., 2005; Helman et al., 2014; Llaneras et al., 1998; Ludwig et al., 2000).  
Vehicle based interventions promise large gains but usually required management 
input.  There were no journey related interventions with explicit outcomes found in 
the literature although journey planning was identified.  No study reported a 
successful organisational intervention that did not also include actions related to the 
driver, vehicle or journey.  It is apparent that no single solution exists to solve 
WRRS so a multi-faceted improvement strategy is required, an example of which 
has been described by Murray et al. (2010b). 
There is a paucity of randomly controlled trials in WRRS research.  The closest to 
that “gold standard” was the quasi experiment described in the seminal work of 
Gregersen et al. (1996).  Few other studies have included statistical considerations in 
the design phase by including the practical significance of any change.  The cost 
benefit analysis of interventions was omitted, despite its likely importance to 
commercial organisations. Making informed decisions over any solutions are not 
possible without this information. 
The review identified that the specific data source was fundamental to the analysis 
outcomes.  Analysis that depended on official or observed data was unable to 
determine background collision risk factors, e.g. organisational culture (Clarke et al., 
2009), and driver questionnaires were used to uncover hidden factors but the 
outcome data were often less reliable (Wills et al., 2009).  Independently verified 
collision outcomes data are usually unavailable, so self-reporting (Newnam et al., 
2008), proxies for safe driving (Ludwig et al., 2000; Scheltema et al., 2002) or 
responses based on psychological models (Newnam et al., 2012) are more common.  
The study of Gregersen et al. (1996) benefited from using a two year follow up of 
independently verified collision and cost data.   
Earlier studies on the impact of fleet driver training used homogeneous groups of 
engineers (Gregersen et al., 1996; Salminen, 2008).  Studies into driver type (e.g. 
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truck driver, delivery driver, technician or executive), vehicle (car, van or heavy 
truck) and journey purpose resulted in different risk factors and responded 
differently to countermeasures.  Driver or vehicle sub-groups such as younger 
people, taxis, and commuters identified particular risk factors or interventions 
(Chapman et al., 2000)(Clarke et al., 2009).  The existence of such groups must be 
recognised in collision analysis and reduction strategies.  There is a need to look 
beyond simple classification schemes to better understand claim patterns. 
An evaluation of the effects of driver training for a mixed group of drivers using 
operational fleet data has not been reported.  Many forms of training are possible 
and can be general, or focused on specific behaviours, outcomes or drivers.  The 
precise content of the training is an important aspect of the intervention.  So the 
analysis must consider the targets for training and applicable outcomes.  A report by 
Bomel Ltd. (2004, p. 12) recommended, “An evaluation of driver safety training to 
gauge the relative merits of skill and attitude-based training and to measure training 
outcomes”.  To date no such evaluation has been published. 
Few studies have explicitly included the effect of management on improvements in 
safety using a multilevel approach (Newnam et al., 2008).   
2.6 Conclusion 
A large number of risk factors have been identified as influencing work-related road 
safety, but their relative importance is difficult to determine for a variety of reasons.  
Two such difficulties are the different incomparable measures of risk and the widely 
varying quality of supporting evidence.  Measures include casualty and collision 
counts by severity (especially where fatalities were involved), and the probability of 
occurrence expressed as absolute or conditional risk.  Other outcome measures may 
be based on subjective data such as opinion surveys and self-reported evidence.  A 
final impediment to the ranking of collision risk is the omission of important 
information relevant to any journey, e.g. journey purpose.  Risks are situation 
specific so what constitutes a high risk to one part of an organisation may be 
irrelevant to another.   
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Individual risks may be connected such as the finding that speed is the most frequent 
cause of collisions from crash investigation (Clarke et al., 2009), which itself has 
multiple underlying factors (Newnam et al., 2004), a punctuality imperative 
(Adams-Guppy et al., 1995) and haste (Salminen et al., 2002) have been mentioned 
by drivers, perhaps exacerbated by poor planning on the driver’s part (Caird et al., 
2004) or that of the organisation (Murray et al., 2003) or the demands of society 
(Bomel Ltd., 2004).  It is possible to apply multiple interventions for one observed 
crash cause none of which, however, are guaranteed to prevent speeding amongst 
employees.   
As a result of the literature review it was clear that organisations are very unlikely 
have identical WRRS profiles requiring identical countermeasures.  So organisations 
should tailor or optimise a range of existing interventions to their own needs rather 
than using an off the shelf solution.  It was clear that multiple interventions will be 
required. 
One suggested intervention would require a societal shift in attitudes and appealed to 
deep seated influences on risks such with the suggestion to “Encourage more 
realistic public expectations to ease pressure on retailers and therefore hauliers”, 
(Bomel Ltd., 2004, p. 125).  While this may be fundamental to many WRRS issues 
it is not one that has been addressed.  
Gaps identified 
Despite much research into work-related work safety, there is a need for careful 
evaluation of interventions to verify their efficacy (Banks et al., 2010; Grayson et 
al., 2011).  Few randomised studies have been published to confirm the work carried 
out 30 years ago by Gregersen et al. (1996).  There are underlying commercial and 
practical issues behind this omission given the large amount of resource needed to 
undertake such work. 
In this thesis the missing issues that were identified from the literature were: 
 The rigorous evaluation of ongoing driver training programmes have not 
been reported; 
 Collisions have not been commonly used as outcomes for analysis; 
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 Analysis has not been based on collision attributes; 
 There has been limited use of advanced statistical modelling to compensate 
for other factors, regression to the mean and background interventions;  
 Manager training has not been evaluated rigorously. 
Although data on most of the risk factors described in this chapter are not available, 
this research seeks to address such knowledge gaps.  Analysis will be based on the 
individual driver for both the driver’s and manager’s interventions, since the driver 
is the person at risk of making a claim.  This thesis seeks to assess organisational 
interventions, such as training, to improve work-related road safety.  The next 
chapter will review and discuss the statistical methods used to identify risk factors in 
general road safety and work-related road safety. 
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3 Review of statistical techniques for road safety improvement 
3.1 Introduction 
The previous chapter discussed the influential factors related to work-related road 
safety including interventions aimed at reducing risk.  These factors were identified 
using a number of sources, not all of which originated from collision data analysis.  
This chapter reviews the statistical and econometric methods that can enhance 
understanding of work-related road safety.  Mostly, these methods have been 
reported in general road safety literature although some have been applied in the 
work setting.  Many of the reported studies focus on road segments, or area wide 
analysis whereas this thesis relies on individual employee records. 
The chapter begins with a discussion of the importance of data in selection of an 
appropriate methodology.  This is followed by a summary of the use of descriptive 
statistics, then by more advanced modelling techniques used to understand road 
safety.  In particular there is a focus on methods which illuminate collision 
frequency and severity.  Segmentation techniques are also explored as a possible 
approach to identify and focus on particular employee groups.  The chapter finishes 
with a review of the intervention literature.   
The combination of statistical modelling incorporating intervention analysis should 
allow better understanding of how driver and fleet performance can be influenced 
and ultimately improved.   
3.2 Data characteristics 
The methodological approach depends heavily on the availability and characteristics 
of data (Savolainen et al., 2011) so in this section some of the important 
characteristics of data are discussed. 
Base data are assembled into datasets of which three main types used in road safety.  
Individual data in the form of either cross sectional data, or panel data which is a set 
of cross sections taken over time, and aggregated data in the form of a time series.  
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Issues arise when assembling datasets.  The process of data aggregation can result in 
a loss of information while data matching can lead to a multiplication of 
observations dominated by zero collision counts (Lord et al., 2005). 
The unit of analysis and measures of exposure are also crucial.  In road safety, there 
are a variety of units of analysis.  Engineers have treated road segments on a variety 
of different road types with a view to improving road performance.  Measures of 
exposure must be incorporated into studies since people or roads with greater 
exposure are likely to experience more collisions.  There are many possible 
exposure measures; the annual average daily traffic, road segment length, the 
distance driven or time spent driving are frequently used for this purpose.  
Psychologists interested in human factors in road safety use individuals as their unit 
of observation with the exposure being by distance driven or time behind the wheel.  
Engineers have evaluated vehicles for collision risk and worthiness however, injury 
is conditioned on a collision occurring (Evans, 2004).  Planners have carried out 
area-wide analysis using spatial units to find risk factors in local neighbourhoods 
(Levine et al., 1995).   
Problems arise when trying to incorporate different objects of interest into a study, 
perhaps when human factors are influenced by road segment use.  The current study 
focuses on employees who drive, so risk factors must reflect this perspective.  There 
may be two difficulties, first in obtaining relevant data, but also the conceptual issue 
of incorporating disparate objects of study.  Attempts to overcome the first used self-
reported exposure based on a limited number of road types (Lynn et al., 1998).   
3.3 Descriptive statistics 
Although descriptive statistics are simple, they are used as the basis for reporting 
and comparing risk and safety performance if appropriate indexing is used. 
Many work-related road safety studies report statistics at a single time or over an 
extended period.  Key performance indicators allow for realistic comparisons 
between countries (Charbotel et al., 2001; Charbotel et al., 2010; Harrison et al., 
1993; Mitchell et al., 2004; WHO, 2013) or organisation (Driving for Better 
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Business, 2012; Murray et al., 2003).  Factors associated with safe driving in the 
general population have been reported (Williams et al., 1995).  Those relating to 
collisions in an occupational setting have been determined using opinion surveys 
(Bomel Ltd., 2004; Musicant, 2011; Salminen et al., 2002) and national level 
collision analysis (Boufous et al., 2009; Clarke et al., 2009; Harrison et al., 1993).  
To date only limited research has been undertaken using organisational level data 
using verified incidents in light vehicle fleets (Zepf et al., 2010).   
3.4 Factor analysis 
A number of studies have used factor analysis as a core tool.  It is of value when 
measurements are interrelated but where there is no single dependent or target 
variable.  The output combines variables and exposes their relationships with one 
another.  Confirmatory factor analysis (CFA), otherwise known as structural 
equation modelling (SEM), can be thought as an extension of factor analysis and has 
been crucial to psychological model verification. 
Factor analysis is a multivariate statistical procedure used to combine interval 
variables with possible objectives of exposing latent variables, understanding 
variable interdependences, reducing data dimensionality, or to create an index 
(Johnson et al., 2002).  The assumptions underlying factor analysis are that the 
variables are multivariate normal, adequately correlated, and of large enough sample 
size.   
Factor analysis has been used to combine multiple measures into situation specific 
instruments including in work-related road safety settings.  Zohar (1980) extracted 
eight safety climate factors from a survey of Israeli industrial companies.  Reason et 
al. (1990) used factor analysis to create the first Driver Behaviour Questionnaire 
(DBQ) and identified the three robust factors of violations, dangerous errors and 
harmless errors.  This approach has been modified for use with new drivers (Lajunen 
et al., 2003), abbreviated for use by company drivers (Musicant, 2011), applied in an 
Australian company setting (Davey et al., 2007) and by adding reversing, in-trip 
distractions and pre-trip checks by company drivers (Wills et al., 2006).   
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The use of factor analysis is subject to analysts’ decisions (Johnson et al., 2002; 
Shannon et al., 2009) such as the questions asked, non-interval data, sample used, 
sample size, extraction routine (e.g. principal component versus maximum 
likelihood) number of factors retained, rotation technique (e.g. varimax versus 
orthomax) and the cut-point for variable selection.  The original DBQ study used the 
orthogonal varimax rotation (Reason et al., 1990) whereas Davey et al. (2007) used 
an oblique rotation.  Shannon et al. (2009) also noted that in occupational safety 
climate studies the samples were drawn from a limited number of employers and 
therefore were not independent.  These data are likely to exhibit heterogeneity 
between the clusters suggesting that a multilevel form of factor analysis should be 
used (see Section 3.7).  
SEM extends factor analysis to test models in which sets of linear equations are used 
to specify phenomena in which the latent variables are interdependent (Johnson et 
al., 2002).  Multiple factor analyses are combined in such a way as to separate the 
latent variables.  Measurement models determine the associated constructs while the 
relationships between these constructs are evaluated simultaneously (Ajzen, 1991; 
Caird et al., 2004; Kim et al., 1995; Olsen, 2010).  SEM has many applications in 
psychology and has been used frequently to verify models of driver behaviour.  
Specifically, Ajzen’s theory of planned behaviour has been used to determine factors 
influencing work-related road safety (Newnam et al., 2008; Newnam et al., 2004; 
Wills et al., 2009).  Olsen (2010) investigated the associations between safety 
climate factors and safety behaviour in the health care and the petroleum sectors 
across industries using a common structural model. 
Factor analysis has been used frequently in road safety and work-related road safety 
research whereas SEM is less common.  SEM has been employed to understand 
occupational drivers’ motivations and attitudes towards safety.  These studies have 
been mostly, but not exclusively, carried out in an Australian context. 
3.5 Collision frequency models 
The desire to understand the association between collisions and factors such as road 
geometry or traffic profiles led to the development of explanatory statistical models.  
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Miaou et al. (1993) and Shankar et al. (1995) gave three motivations for this work; 
to take proactive remedial actions at high collision-risk locations across a network; 
to identify variables critical to collision risk and develop relevant countermeasures; 
and to predict the impact of countermeasures or to improve the before-after 
comparisons of countermeasures.  These goals are based on engineering goals but 
human factors should be incorporated into this research.   
Lord et al. (2010) published a review of the strengths and weaknesses of the 
methodological approaches pertinent to collision count modelling and looked 
forward to a substantial improvement in the understanding of associated factors by 
combining new methodologies with detailed collision data. 
3.5.1 Linear regression 
Collision count models were originally built using linear regression (Joshua et al., 
1990; Jovanis et al., 1986; Zegeer et al., 1990).  These models are well understood 
and give intuitive results, especially for large numbers of events, but they are not 
always reliable, for example where there are few collisions negative values can be 
predicted. (Joshua et al., 1990; Jovanis et al., 1986).  One clear issue in linear 
regression is that the dependent variable must be measured on an interval scale 
whereas collision data consists of discrete non-negative integers, often with a 
preponderance of zeros.  Skewed collision distributions were often transformed 
using logarithms and a small offset added to allow linear models to handle zero 
counts (Zegeer et al., 1990).  Problems remained with linear regression, these 
included heteroskedasticity, often the error variance increases with traffic flow, and 
miss-specification of the coefficients (Jovanis et al., 1986).  These imply that the 
assumptions of ordinary least squares (OLS) used in linear regression were broken 
and new methods were needed.   
Linear regression modelling is useful in a range of situations where a dependant 
variable measured on an interval-scale depends on other interval, ordinal and 
nominal independent variables.  Linear regression models have been used 
successfully in work-related road safety to model behaviour and perceptions related 
to drink driving (Guppy et al., 1995) and to create models of intention to speed 
(Newnam et al., 2004).  Although linear regression models are very versatile they 
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are restricted to modelling interval scale outcomes and are based on assumptions of 
constant variance and independence of residuals which may not always be met 
(McCullagh et al., 1989).  
3.5.2 Generalised linear models 
The generalised linear model (GLM) has a flexible form that allows error 
distributions other than the normal but includes linear regression as a special case. 
Joshua et al. (1990) and Miaou et al. (1992) indicated that GLMs and in particular 
Poisson based models are more suitable than linear regression for modelling 
collision counts.  Barger et al. (2005) and Lynn et al. (1998) have reported using 
Poisson regression for work-related road safety using self-reported data.  Poisson 
models have superior statistical properties but do require the mean to equal the 
variance.  Over-dispersion, in which the variance is greater than the mean, is 
frequently observed in collision data (Miaou, 1994).  A quasi-Poisson approach 
artificially inflates parameter standard errors to produce credible parameter estimates 
and incorporates over-dispersion (Maher et al., 1996).  The negative binomial (NB) 
model (alternatively named the Poisson-gamma model) is widely used in collision 
modelling and explicitly includes a dispersion parameter (Cameron et al., 1998; 
Lord et al., 2005; Maher et al., 1996).  There are no reports, however, of this model 
being applied to work-related road safety except as part of a multilevel model (see 
3.7 below). 
There remain issues over data and methodology which have been summarised by 
Maher et al. (1996) and Lord et al. (2010) such as compensating for a trend in 
collision risk.  Where possible the analysis will attempt to overcome these issues and 
discuss possible gaps in the analysis. 
Some data contain more zeros than would be expected under the Poisson or 
Negative Binomial distributions.  These situations are hypothesised to arise from a 
dual state process and have been models using the zero inflated Poisson (ZIP) or 
zero inflated negative binomial (ZINB) models (Lord et al., 2005; Shankar et al., 
1997).  Lord et al. (2005) stated zeros were as a result of low exposure rather than as 
a true dual state process while Lord et al. (2010) added that the safe state had a long 
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term mean of zero which is non-physical in road safety and advised against their 
use.   
The application of count modelling to work-related road safety has included binary 
logistic, Poisson and a few negative binomial regression models with the majority of 
studies having been restricted to binary logistic regression.  Wider use of these 
models and their derivatives (see below) should be explored. 
3.5.3 Mixed models 
The models discussed above assume the observations are uncorrelated thus having 
spherical errors.  This may be untrue, however, especially if observations share 
locations or time frames (e.g. cross sectional data gathered over several time frames 
referred to as panel data) leading to spatial or temporal correlation (Lord et al., 
2010).  Random parameters are used to model the unobserved effects that are 
assumed to underlie these correlations.  Mixed models combine fixed with random 
effects parameters to offer greater flexibility.  
Mixed models offer not only the usual fixed effects or parameters but also random-
effects or parameters.  These allow random variation of intercepts for random-
effects models and slopes for random-parameter models across the observations 
subject to the distribution being restricted, often to a normal distribution.  Random-
effects models allow the intercepts to vary randomly across the observations while 
the random parameter models allow the parameters to vary.   
Random parameter, negative binomial models have the potential to explain more 
fully the factors influencing collision count frequencies than fixed parameter 
models.  These have been applied using cross sectional data on Indiana State 
highway segments (Anastasopoulos et al., 2009), Washington State interstates 
(Venkataraman et al., 2011) and 200km of Indian undivided two-lane highways 
(Dinu et al., 2011) .  In the latter case random-parameter models were able to take 
account of the greater variation within and among vehicles and drivers found in 
India compared to Western countries. 
Random-parameter models have not been restricted to negative binomial distribution 
with other forms including Poisson, lognormal and full Bayesian implementations 
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(El-Basyouny et al., 2009).  Similarly, random effects may be added to any model 
including those for collision severity.  Examples of random effects in severity 
models are examined in Section 3.6 below. 
A random effects negative binomial (RENB) model in which negative binomial 
model is fit to panel data, reprorted first by Hausman, et al. (1984), has been used in 
road collision modelling.  This has included the evaluation of clustered median 
crossover collisions in Washington State (Shankar et al., 1998), and the study of 
collision occurrence at signalised junctions (Chin et al., 2003) both based on panel 
data.  Improved model fit could be expected by allowing parameters to vary across 
observation rather than fixed across the entire dataset (Hausman et al., 1984), 
however, these models may transfer poorly to other datasets (Lord et al., 2010).   
No random effects or random parameter models have been reported in the context of 
work-related road safety.  This is an obvious area that provides an opportunity 
investigation given appropriate data. 
3.6 Collision severity models 
The prediction of collision occurrence is important but forms only part of the 
picture.  Understanding collision severities allows resource to be prioritised 
rationally (Milton et al., 2008).  This section reviews the collision severity 
modelling literature to describe the range of econometric latent variable choice 
models used for this purpose.  Savolainen et al. (2011) have reviewed and assessed 
the methodological approaches to collision severity modelling and discussed future 
methodological directions.  
Collision severities are not measured precisely and are often reported on ordinal 
scales which do not usually include abbreviated injury scales determined by medical 
staff.  Severity can range from property damage only, through various grades of 
injury (e.g. possible, slight or serious) to those involving fatalities which may occur 
up to a year later depending on the jurisdiction.  These data can be converted into 
binary (e.g. fatal or not) or nominal forms depending on the type of model chosen 
(Savolainen et al., 2011).   
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Logistic or probit regression models have been used for binary collision outcomes.  
Personal and behaviour risk factors associated with fatal collisions in Japanese 
motor vehicle collisions used a logit model (Shibata et al., 1994).  Boufous et al. 
(2009) used a binary logistic model to find factors associated with injury in work-
related collisions.  A logistic model indicated occupational stress and safety climate 
to be significant predictors of fatigue-related near misses for occupational drivers 
(Strahan et al., 2008).  Binary models can be chained to form a sequential binary 
model to represent ordinal data (Savolainen et al., 2007; Yamamoto et al., 2008).   
Ordinal logit or ordinal probit models appear to be ideally suited to the prediction of 
progressive severity category membership (Savolainen et al., 2007).  These models 
hypothesise a latent interval variable that determines collision severity. Fitting the 
model determines the significant variables and calculates threshold values that 
assign the category membership.  Both the logit and probit forms were first used in 
road safety to investigate the influence of Australian road users’ personal attributes 
on injury severity (O'Donnell et al., 1996).  No differences were reported between 
the results obtained from the two models.  Ordinal probit models were also used to 
analyse Singaporean motorcyclists’ collision severity (Quddus et al., 2002).  Fitting 
these ordinal response models uses fixed explanatory variables to estimate model 
parameters and category threshold values but there may be heterogeneity across the 
categories.  This issue has been overcome by including random variables to produce 
a mixed ordinal logit model (Eluru et al., 2007).  This model was given further 
flexibility to yield the mixed generalised ordinal response logit (MGORL) models 
which allows the thresholds to vary with fixed and random variables (Eluru et al., 
2008) thus allowing the threshold to vary by observation.  These latent class ordinal 
response models have the disadvantage of using the same variables for each 
outcome level. 
Further issues exist with the logit model (Yamamoto et al., 2008).  Ordinal models 
assume an orderly and continuous increase or decrease in probability of group 
membership which may not always be appropriate.  For example air bags may 
simultaneously decrease the probabilities of membership of both the highest and 
lowest severity categories, a situation that cannot be incorporated in an ordered logit 
or probit model (Savolainen et al., 2011).  This suggests that unordered choice 
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models such as multinomial logistic (MNL) models would be useful.  These models 
assume severity categories are nominal, multinomially distributed and independent 
(McCullagh et al., 1989).  MNL models have been used to analyse factors 
determining severity in Belgian collision segments (Depaire et al., 2008).   
MNL models are based on logit models where a separate model is built for each 
outcome and the predicted observation outcome is assigned as that with the highest 
probability.  MNL regression has the advantage of simple computation but suffers 
from independence of irrelevant alternatives (IIA).  These models have fixed odds 
ratios between options even when one or more options are close or perfect 
substitutions, an example being the introduction of another colour of bus to a 
commuter’s journey choices (Savolainen et al., 2011).  The problem arises from the 
inability of the MNL model to include correlated errors.  Kennedy (2008) gives five 
solutions to IIA which are; ignore the issue altogether; combine categories that are 
correlated; fit a multinomial probit model in which the error terms are multivariate 
normal and thus allow correlation; fit a nested model; or fit a mixed (random 
variable) model.  No references to MNP models in collision severity modelling have 
been found. 
Nested models group correlated choices together within the same nest while placing 
other uncorrelated choices into separate nests (Savolainen et al., 2011).  Thus IIA is 
allowed to exist between some of the choices but not others.  Fitting these models 
uses the generalised extreme value distributions for the errors rather than a normal 
distribution.  Using nested logit models Shankar et al. (1996) analysed the severity 
of collisions on a Washington interstate highway while Savolainen et al. (2007) 
investigated the factors contributing to single vehicle motorcycle collisions. 
Mixed (random effects) logit models address the problems of MNL models by using 
random parameters allowing correlation between categories.  Such parameters can 
vary by observation and unlike multinomial probit models the error terms are not 
restricted to multivariate normality.  The integral density function, however, 
contained in the model makes computation difficult.  Brownstone et al. (1999) has 
demonstrated the use of random-parameter discrete outcome models (multinomial 
and ordered logit models).  Mixed logit models were used by Milton et al. (2008) to 
evaluate the severity of traffic injuries in Washington State using aggregated data.  
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Underreporting of collisions is a general issue in road safety but was not explicitly 
addressed. 
The customary separation of count and severity models has been questioned and has 
led to the development in multivariate approaches to collision modelling.  Wang et 
al. (2011) reported the estimation of the number of collisions at different severities 
using a two-stage mixed multivariate model comprised of Bayesian plus mixed logit 
models to represent the severity and frequency outcomes.  
While collision severity models have been extensively used in general collision 
analysis, they have not been applied in work-related road safety.   
3.7 Multilevel models 
This section summarises use of multilevel models (MLMs), especially where they 
have been used in road safety or work-related road safety.  MLMs are appropriate 
with hierarchical data such as that derived from an organisation’s management 
structure.  These models were developed for and used extensively to model 
educational attainment Goldstein (2003) since school pupils are grouped in schools, 
which in turn are grouped by local authority.  Pupils (found at the base of the 
hierarchy) will share characteristics with other pupils at the same school.  The 
variation between schools is treated as an item of interest rather than being simply a 
nuisance.   
The multilevel model structure may contain model forms for interval, ordinal or 
nominal data.  The linear model is the simplest form on which many of the ideas of 
MLM were based (Goldstein, 2003).  It is possible to modify the statistical models 
described in the above sections to include data hierarchy.  Other model forms have 
included, Poisson, negative binomial, factor analysis and structural equation 
modelling.   
MLMs are a special case of mixed models with fixed or random variables associated 
with any level of the data hierarchy, e.g. employee, supervisor or manager.  In this 
way they allow the inclusion of temporal, spatial and other correlations among 
groups of observations.  Such models have been variously described as; multilevel 
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(Goldstein, 2003; Jones et al., 2003), random coefficient (Chin et al., 2003; Jones et 
al., 2003), mixed (Wedel et al., 1998) or hierarchical (Neal et al., 2000; Newnam et 
al., 2008).  The term hierarchical has also been applied to a multistep variable 
selection procedure in multiple linear regression which is not related to MLMs 
(Newnam et al., 2004; Wills et al., 2006). 
Issues with MLM estimation relate to having a small number of clusters although 
this is not usually present in collision data (Lenguerrand et al., 2006).  A major 
drawback is that the MLMs may not easily be transferred to other datasets.  Jones et 
al. (2003) and Lenguerrand et al. (2006) argue that this can lead to optimistic 
parameter estimates.  
A fundamental issue with collision analysis has been correlation of events.  The 
hierarchy of collision data means that outcomes between occupants of the same 
vehicle or between vehicles in the same collision may be correlated.  Occupants of 
the same vehicle or properties of road section can be shared with attributes at a 
higher level (Jones et al., 2003; Lenguerrand et al., 2006) owing to shared 
characteristics such as energy release or geometry.  Simple approaches using 
dummies by vehicle or segment or fitting separate models by vehicle or segment 
bring in their own limitations (Jones et al., 2003).  These do not allow a global 
perspective on outcome determinants (Jones et al., 2003; Lenguerrand et al., 2006).   
The use of MLMs to investigate collision severity outcomes has been advanced by 
Jones et al. (2003) using the example of fatality risk of occupants in collisions 
nested in regions of Norway.  In this analysis the outcome was conditioned on a 
collision occurring using a binary logistic model for casualty fatality.  Variation in 
outcome was partitioned amongst within-collisions, between-collisions and between 
regions. 
Using French collision and simulated data Lenguerrand et al. (2006) showed MLM 
to be superior to both Generalized Estimating Equation (GEE) models and logistic 
models which both underestimated parameters and confidence intervals.  They noted 
that MLM was recommended in cases where there were large numbers of occupants 
per vehicle or vehicles per collision (i.e. a bottom heavy pyramid), where 
unexpected results are found, or p-values were close to 0.05.  This bottom heavy 
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condition is more likely to be found in management structure than in collision 
casualties. 
MLM were used to overcome possible correlation of collisions taking place on the 
same roundabout (Daniels et al., 2010) and at intersections (Kim et al., 2007a) when 
using binomial logistic regression to model factors influencing collision severity.  
Count data models have been reported in the road safety context.  Negative binomial 
MLMs were used to determine the effect of the intensification of Police enforcement 
on the number of road collisions at national and regional levels in Greece (Yannis et 
al., 2007).  In an Australian fleet setting Newnam et al. (2008) also used negative 
binomial MLMs to show that fleet managers perceptions of company safety climate 
influenced self-reported collisions by fleet drivers but not those of supervisors.  
Newnam et al. (2012) reported on models of self-reported collision count in 
company drivers incorporating psychological models behind employee and 
supervisor motivations. 
In summary, recognising data hierarchy has been slow to be adopted in the analysis 
of road safety data and has had limited use in work-related road safety research.  
Partitioning the model in this way can quantify the contribution of the various data 
levels and allows interventions at different levels to be included.  These advantages 
are clear but group sizes must be suitable to gain any benefit.  Further, the 
identification of significant interventions is likely to be made more difficult given 
these extra sources of variation (Goldstein, 2003).  
3.8 Time between collisions 
Survival analysis uses the time to an event rather than data on whether the event 
occurs over a fixed time period.  The time to an event, with censoring, can be 
adapted into the framework of the generalized linear model (McCullagh et al., 
1989).  These duration based models have been used in medical treatments and 
component failure, while Hensher et al. (1994) have reviewed them for use in 
transport with a view to extending their use in the field.  Seventeen transport related 
papers had been identified at that time.   
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Hazard based duration models assume an underlying distribution of event or failure 
times.  This distribution can take many forms for example the exponential (i.e. fixed 
failure rate) or the Weibull distribution (i.e. variable failure rate).  Another 
possibility, however, is the Cox proportional hazards model which does assume 
knowledge of an underlying distribution, but assumes there is a common underlying 
distribution and controls for background factors (Hensher et al., 1994).  The Cox 
proportional hazards model has been used to determine the effect of demographic 
factors in truck drivers’ time to collision (Jovanis et al., 1989) and the effect on 
collisions of a truck driver’s pay increase (Rodríguez et al., 2006).  This was 
extended to fitting Cox proportional hazards regression models with time-dependent 
covariates to quantify the effects of two measures of self-reported fatigue in French 
utility employees (Chiron et al., 2008). 
Clearly, the time between collisions is a useful method of data analysis which does 
not involve aggregating data into fixed exposure periods.  It has found use in road 
safety and work-related road safety and could play a useful role in understanding 
driver behaviour in this study.   
3.9 Clustering and segmentation 
Clustering is a statistical approach to forming groups which “provides a means for 
assessing dimensionality, identifying outliers and suggesting interesting hypotheses 
concerning relationships” (Johnson et al., 2002, p. 668).  Segmentation has a history 
of use in marketing, to identify homogeneous groups of customers whose wants and 
needs can be better served by different products or services (Smith, 1956; Wedel et 
al., 1998).  Jovanis et al. (1986) mentions the need to segment collisions in order to 
better understand their causes.  The objective of such analysis was to develop better 
countermeasures for all or some of the segments.   
Statistical clustering techniques define groups using only the data rather than being 
imposed by external factors, or by simple rules.  Xu et al. (2005) identified 13 types 
of clustering algorithm that included hierarchical clustering, mixture density models 
and neural networks.  They identified clustering techniques used in pattern 
recognition, web mining, genetics, geography and sociology.   
Chapter 3: Review of statistical techniques for road safety improvement  55 
 
There follows a summary of clustering that has been used in road safety and work-
related road safety where it exists. 
3.9.1 Non-statistical collision classification 
Non-statistical classification means taking logical sub-populations without using any 
formal analysis technique.  Road traffic incident analysis is frequently performed by 
addressing individual characteristics such as driver, vehicle or road type.  This 
approach is intuitive since collisions that share characteristics should be more 
homogeneous and should respond to similar countermeasures.  Segmenting is not 
always successful, for example Zegeer et al. (1990) attempted grouping collisions on 
US two lane highways but reported that it did not yield useful results.  Work-related 
road safety research in the UK, identified six vehicle segments by examination of 
collision characteristics(Clarke et al., 2009) while (Chapman et al., 2000) noted that 
drivers in an organisation were not homogeneous and successful interventions for 
one group may even be detrimental for others. 
Examples of the segmentation approach are applied to motor-cycles (Quddus et al., 
2002; Savolainen et al., 2007), trucks (Häkkänen et al., 2001; McCall et al., 2005) 
and cyclists (Eluru et al., 2008).  This leads to decision tree like structures 
partitioned by characteristics resulting in interesting groups.  Partitioning does 
reduce group sizes and could miss observations that share other characteristics as the 
search space is reduced.   
Combinations of conditions have been studied with a view to better understand 
risks.  Doherty et al. (1998) reported the greatest collision involvement for 16-19 
year old Ontario drivers at night-time when carrying passengers.  Clarke et al. 
(2006) reported relatively more collisions by young male drivers negotiating curves 
on single carriageway rural roads at night-time in the UK.  McCall et al. (2005) 
studied truck collisions in Oregon and found the majority were males, under 36 
years old and had been in their job for less than one year.  Charbotel et al. (2001) 
analysed work-related collisions in France and found relative risks varied markedly 
by gender, journey purpose (work, commuting or non-work) and occupational 
category. 
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These studies suggest an opportunity to identify similar events in order to 
understand underlying themes without resorting to subjective manual criteria.   
3.9.2 Clustering and latent class analysis 
Clustering is a formal statistical analysis technique that identifies groups of similar 
objects.  In road traffic safety clustering often refers to collisions in close spatial 
proximity or the identification of hotspots (formerly called blackspots).  Levine et al. 
(1995) counted collisions in predetermined zones in Honolulu and tested the 
statistical association with characteristics of the zone.   
Measures other than grid location can be incorporated into the calculation of 
similarity and could include collision or occupant.  Kim et al. (2007b) discussed the 
use of K-means and hierarchical clustering techniques for safety research and 
analysed spatial patterns of pedestrian-involved collisions in Honolulu using K-
means.  Ng et al. (2002) summarised collisions over Traffic Analysis Zones (TAZ) 
in Hong Kong and used Ward’s method of hierarchical clustering to identify 19 high 
risk areas.  Anderson (2009) used K-means clustering to group previously identified 
collision hotspots in London using collision characteristics and environmental data.   
Individuals have been used in clustering studies.  Ulleberg (2001) identified six 
clusters of young Norwegian drivers using hierarchical clustering, based on their 
personalities, which were then verified using K-means clustering.  The clusters were 
used to evaluate a road safety campaign.  Skyving et al. (2009) clustered fatal 
collisions using categorical driver and collision characteristics of older drivers using 
hierarchical ascendant classification, which is based on correspondence analysis 
(Greenacre, 1984).  Clustering in work-related road safety has been reported by 
Musicant (2011) who clustered drivers at a UK company based on their self-reported 
driver behaviour and safety climate attitude scores also using k-means.  Three 
groups of drivers were identified and countermeasures discussed for each group.  
(Karlaftis et al., 1998) removed homogeneity by first applying Ward’s method of 
clustering before using a negative binomial model of collisions involving aged 
drivers in 92 counties in Indiana. 
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A weakness of the hierarchical or K-means clustering methods is that all data must 
be on an interval scale.  Model based clustering approaches developed over the past 
20 years (Fraley et al., 2002) overcome this problem of which latent class analysis 
(LCA) is an example.  Depaire et al. (2008) reported a general approach to 
clustering collisions in Belgium with both continuous and categorical data using 
LCA.  Eluru et al. (2012) applied LCA to collisions occurring at highway-railway 
crossings to identify vehicle driver injury severity factors.  Another flexible 
approach was that of Mussone et al. (2010) who reported clustering collisions using 
a self-organising map to convert high dimensional space into a two-dimensional 
map.  Each of these approaches gave an opportunity to further understand and 
improve road safety. 
Only one study involving at work drivers has been reported (Musicant, 2011) but 
this only used personality profiles and did not include collision records and there are 
no examples based on categorical variables using procedures such as latent class 
analysis. 
3.10 Intervention assessments 
Road safety interventions can be less effective than is anticipated from initial 
evaluations.  In this section the causes of disappointing results are explored. 
Five sources of confounding in before-after studies of road safety measures have 
been described (Elvik, 2002).  These included regression to the mean; long term 
trend effects; general changes in the number of incidents; changes to traffic volume 
(i.e. exposure); and coincidental events or interventions.  A warning against over 
compensation by double counting was given.  Regression to the mean is likely to be 
the most important factor and is investigated in detail below. 
Later, Elvik (2010), identified ten sources of uncertainty which lead to disappointing 
outcomes following safety improvement actions.  Although the examples were 
interventions at a national level some were applicable to organisations.  These 
uncertainties included; random variation in claims; incomplete reporting; uncertainty 
concerning the targeted claim type; random variation in the effect of the 
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intervention; an unknown systematic variation, unknown duration of the intervention 
effect; effect of combinations of interventions; influence of exogenous factors; 
uncertainty in implementation; and the uncertain monetary benefit of the 
intervention. 
3.10.1 Regression to the mean 
The difficulties estimating the effectiveness of road safety interventions have been 
documented (Elvik, 2002; Hauer, 1997).  The success of an intervention such as 
training cannot simply be measured by comparing pre- and post- intervention 
collision performances due to issues such as RTM or not knowing if other factors 
influenced outcomes.  A methodology for fitting collision models has been reported 
using Bayesian and frequentist statistics (Maher et al., 1996).  This problem can 
arise because the models are derived from observational studies rather than 
controlled experimental designs.  These give rise to RTM as the most significant 
problem to overcome.  Other issues include long term trends in society, work and 
domestic arrangements, traffic volume trends and specific events at the time of any 
intervention.  An example of RTM effects have been reported with respect to road 
safety schemes (Hauer, 1997; Hirst et al., 2004).  Persaud et al. (2010) compared 
empirical Bayes (EB) and full Bayes (FB) approaches to intervention analysis 
following the introduction both of traffic signals and road junction changes (i.e. 
dieting, reducing road width or number of lanes to achieve an improvement).  The 
FB method gave no additional benefit despite being a more complex approach; 
however, the comparison involved an intervention with a large effect size and small 
standard error.  There could be an advantage with the FB method for smaller sample 
sizes and effect sizes.  This important correction must be included in the study of all 
interventions for both general and work-related road safety. 
3.11 Conclusion 
This chapter has explored the statistical and econometric methods that have been 
used in collision studies.  There has been a paucity of methods applied to work-
related road safety collision analysis which has been largely restricted to description, 
hypothesis testing, factor analysis and logistic regression based largely on self-
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reported data.  Given the range of statistical techniques available to the road safety 
analyst it is appropriate to extend those applied to this field. 
Savolainen et al. (2011) suggested that future research should consider incorporating 
spatial and temporal correlations, endogeneity, under reporting and new forms of 
severity data.  This study has the opportunity of using enhanced and complete 
collision data.  When extensive data are used in combination with statistical 
modelling, there is an opportunity to better understand the behaviour of company 
drivers.  This understanding should benefit organisations in their efforts to influence 
road-safety and enable interventions to be refined for appropriate groups.  There 
should be a concerted effort to respond to the financial, legal, moral and business 
case for work-related road safety. 
The next chapter focuses on the methodologies useful in the analysis of driver 
interventions. 
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4 Methodology 
4.1 Introduction 
The literature review in Chapter 2 revealed that the investigation of work-related 
road safety is a valid area for research, owing to the large impact it exerts on 
organisations and the wider public.  In particular, the review revealed that driver 
training has never been assessed using collision data other than self-reports or that 
obtained from simulators. The chapter also identified factors from previous research 
that were known to influence work-related road safety.  Chapter 3 identified the 
range of econometric models used to understand the association between collisions 
and risk factors.   
This chapter presents the research design to be used and the detailed methods that 
will be adopted to achieve the research aim and based on knowledge of the data 
exploration from Chapter 4.  This determines whether driver and manager training 
can successfully reduce the number of collisions reported to a company’s claims 
handling system.  Statistically the null hypothesis tested is that training has no effect 
on the claims outcomes so the two alternate hypotheses are that training could either 
increase or decrease claims.   
4.2 Research design 
The aim of the research, stated in Chapter 1, is to assess organisational interventions 
to improve work-related road safety. 
The objectives of the study are: 
 To review risk factors and measures associated with work-related road safety; 
 To investigate modelling techniques applicable to work-related road safety; 
 To explore and refine data sources; 
 To describe the specific methods to be employed; 
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 To analyse and assess the impact of specific interventions by utilising 
appropriate models; 
 To make recommendations in terms of organisational work-related road 
safety. 
The aim and objectives of the research have been facilitated by a data exploration 
step and three stages of research using econometric modelling: 
 Data exploration 
 Econometric modelling 
o Negative Binomial Modelling 
o Multilevel Negative Binomial modelling 
o Latent class analysis and NB modelling 
Table 1-1 contains the plan of work in relation to the research aim, and also reveals 
the thesis structure, while Table 1-2 contains further details of each chapter.  The 
first two of the objectives, as indicated above, have already been achieved in 
Chapters 2 and 3.  The third objective, data exploration, will be achieved in the next 
chapter.  The remaining sections of this chapter will detail the methods to be 
employed in this thesis.  These were taken from the road safety modelling literature 
in Chapter 3.   
The research was undertaken to investigate the extent of knowledge into work-
related road safety, to gain a deeper understanding of the methods employed by BT 
for road safety improvement and finally, to quantify the impacts of these methods.  
The methodology given in Figure 4-1 was based on the frequentist statistical science 
literature first developed by Fisher (Mallows, 1998).   
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Following a review of the literature, the data from BT was cleaned, merged and 
explored to determine the applicability of the proposed statistical models.  The result 
was a set of driver centred datasets that reflected a variety of claim types and 
interventions.  In the first study, models that include terms to quantify the impact of 
training, as well as other explanatory factors, are fitted to the data.  The training 
effects determined from the model must be adjusted to account for regression to the 
mean (RTM) and background trends in road safety.  The second study concerns 
manager training, therefore details of the drivers’ managers must be incorporated 
into the claims dataset.  The effect of manager training and other risk factors will be 
included as independent variables in a multilevel model which allows for hidden 
associations.  The third study fits a model to data on and groups of similar claims.  
The impact of training on each group will be evaluated using the same technique 
developed in the first study.   
Issues highlighted in the estimation of this risk have included the omission of 
vehicle ownership from national statistics (Grayson et al., 2011; Newnam et al., 
2011), use of the vehicle at the time of the collision (Stuckey et al., 2010), the 
fractured nature of work-related traffic collision data (Boufous et al., 2006), under 
reporting of incidents and missing explanatory variables (Boufous et al., 2009), and 
selection bias (Hours et al., 2011) and represent a large proportion of all vehicle on 
the road. 
Finally, the outcomes of the three studies are summarised to identify their shared 
and specific outcomes.  The work-related road safety community can use these 
results to both enhance safety within their organisation and, just as importantly, to 
learn how to further develop the effectiveness of their programmes. 
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Figure 4-1  Flow diagram of the methodology used in this thesis 
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4.3 Research methods 
This section details the models used to fit the assembled data and how these will be 
assessed. 
4.3.1 Claim frequency models 
Three statistical models will be used in this thesis, negative binomial (NB), 
multilevel negative binomial (MLNB) and latent class analysis.  Each of the 
methods are discussed in the following sections.   
Negative Binomial 
Poisson and negative binomial count models have often been used to model collision 
frequency in road safety analysis (Joshua et al., 1990; Miaou, 1994; Miaou et al., 
1992; Milton et al., 1998; Shankar et al., 1995).  In these examples observations 
consisted of collisions on, and the geometric features of road segments as opposed to 
claims and characteristics of individual drivers.  These models are fitted using 
maximum likelihood estimation. 
The NB model is derived from the Poisson model the structure of which is defined 
in equations 4-1 and 4.2. 
 𝑌𝑖 = Poisson(𝜇𝑖) (4-1) 
 
 log(𝑌𝑖) = 𝛼 + 𝜷𝑿𝒊 (4-2) 
where, 
Yi is the observed number of claims made by driver i;  
μi is the expected number of claims made by driver i;  
α is the intercept;  
Xi is the vector of explanatory variables for driver i;  
β is the vector of coefficients to be estimated; 
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The NB model relaxes the underlying assumption of mean and variance equality 
contained in the Poisson model.  The equation 4-2 is modified by adding an 
additional term to become 4-3 which represents a negative binomial and in which νi 
is a term that expresses the heterogeneity effects.   
 log(𝑌𝑖) = 𝛼 + 𝜷𝑿𝒊 + 𝜈𝑖 (4-3) 
The individual νi’s are assumed to be independent across observations and 𝑒𝑣𝑖 
should follow a gamma distribution with a mean of one and variance of 1/, where  
is the dispersion parameter.  This parameterisation results in the negative binomial 2 
(NB2) distribution which has a mean (λ) of 𝑒𝛼+𝛽𝑥, and a variance of λ+λ2/.  As 1/ 
tends to zero the NB distribution reverts into the Poisson.   
Mixed effects multilevel negative binomial regression models 
This form of model controls for correlations between factors at a higher level, which 
in this study are drivers who are nested within managers (Goldstein, 2003; Jones et 
al., 2003; Lord et al., 2005).  These correlations arise from two sources, first the 
attributes of their shared managers and second from a possible similarity between 
drivers reporting to the same manager.  The consequence of using correlated data in 
multilevel modelling is that the standard errors of the coefficients would otherwise 
be under-estimated (Goldstein, 2003) leading to possible over parameterised models.  
Lord et al. (2005), however, suggested that such models, while coping with 
correlations among groups, may not be easily transferred to other data sets.   
Earlier research by Newnam et al. (2008) used MLNB models to examine the role of 
managers and supervisors in work-related road safety but did not investigate any 
intervention to improve collision rates.  This study differs in that it includes an 
intervention and that the driver’s line manager at BT also fulfils the role of fleet 
manager thus reducing possible role ambiguity.   
The objective of this study was to understand the impact of manager training on the 
driver claims rate (i.e. the dependent variable) as a function of independent variables 
at the employee-level (i.e. lower-level; i) and manager-level (upper-level; j) 
characteristics.  Since claims can be considered as ‘random’, ‘non-negative’, and 
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‘sporadic’ events, the appropriate statistical models to use are either a Poisson 
regression model or a negative binomial (NB) regression model.  Due to a restricted 
assumption in the Poisson model (i.e. ‘mean’ is equal to ‘variance’), an NB model 
should be employed.  In addition, multilevel data structure (i.e. employees nested 
within managers) as explained above should be taken into account.  Therefore, the 
appropriate model would be a multilevel NB model.  
In an NB regression model, the observed number of claims per year per employee 
(Yij) is modelled as a Poisson variable with a mean μ  where the model error is 
assumed to follow a Gamma distribution (Lord et al., 2010).  This model is 
equivalent to that of the single level model described in equation 4-4 with the 
addition of the manager level dependency. 
 𝑌𝑖𝑗 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 (𝜇𝑖𝑗) (4-4) 
In which,  
 log  (𝜇𝑖𝑗) = 𝑙𝑜𝑔(𝐸𝑖𝑗) + 𝛽0𝑗 + 𝛽𝑗𝑋𝑖𝑗 + 𝑒𝑖𝑗 (4-5) 
where Eij is the exposure variable for the dependent variable, 𝑋 is an employee-level 
independent variable, exp(e) is independent across observations and follows a single 
parameter Gamma distribution with mean 1 and variance 1/, i.e. 
exp(e) ~ Gamma(, ). 
 𝛽0𝑗 = 𝛾00 + 𝛾01𝑍 + 𝑢𝑜𝑗  (4-6) 
 
 𝛽1𝑗 = 𝛾10 + 𝛾11Z + 𝑢1𝑗 (4-7) 
Where 
𝛾00 is the average number of claims (per year per employee) for the entire 
population 
𝑢0𝑗 is a manager-specific effect, 𝛾01 is the coefficient for the manager-level variable 
𝑢1𝑗 is the manager-specific random slope for the employee-level variable   
Incorporating equations 4-6 and 4-7 into equation 4-5 yields the following NB 
model: 
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log(𝜇𝑖𝑗) = 𝑙𝑜𝑔(𝐸𝑖𝑗) + 𝛾00 + 𝛾01𝑍 +  𝛾10𝑋 + 𝛾11𝑋𝑍 + 𝑢𝑜𝑗
+ 𝑢1𝑗  𝑋 + 𝑒𝑖𝑗 
(4-8) 
Where 
𝛾11 is the coefficient for the cross-level interaction term   
If it is thought that equation 4-7 should not include any upper-level covariates (i.e. 
Z) then equation 4-8 would not have any cross-level interaction terms.  
It is noticeable that equation 5-8 contains both fixed-effects (𝛾00 + 𝛾01𝑍 + 𝛾10𝑋 +
𝛾11𝑋𝑍) and random-effects (𝑢𝑜𝑗 + 𝑢1𝑗 𝑋) and therefore, this can be termed a mixed-
effect (random-intercept and a random-coefficient) NB model and can easily be 
generalised into the case where multiple employee-level and manager-level 
independent variables should be considered: 
 log(𝜇𝑖𝑗) = 𝑙𝑜𝑔(𝐸𝑖𝑗) + 𝝑𝑾 + 𝜹𝑽 + 𝜺 (4-9) 
in which W is a matrix containing the fixed effect independent variables, 𝝑 is a 
vector of fixed effect parameters, V is a matrix containing the random effects, 𝜹 is 
the vector of random effects and 𝜺 is the vector of errors.  A model without the 
inclusion of V can be termed a random-intercept NB model and a model without W 
can be termed a random-coefficient NB model.   
One useful outcome of a multilevel model is to determine the fraction of variation 
attributed to the various levels.  The variance partition coefficient (VPC) in a 
variance components model (i.e. multilevel linear model) can simply be described as 
the proportion of the variance at level 2 or higher.  This is the ratio of the upper level 
variance to total variance.  In more complex models the allocation of this variation is 
more difficult to calculate as this is a function of predictor variables (Goldstein, 
2003).  Although there is no simple approach to the calculation for a MLNB model, 
Goldstein et al. (1996) outlined four options to calculate the intra-class correlation 
coefficient (ICC) for a logistic regression model.  This included a partition approach 
using a latent variable to calculate ICC for a random intercept logistic regression 
model is given by equation 4-10, however, no simple calculation is available for a 
random parameter logistic model. 
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 𝐼𝐶𝐶 =
𝜎𝑢0
2
𝜎𝑢0
2 + 𝜎𝑒2
⁄  (4-10) 
Where 
𝜎𝑢0
2  is the variance between the managers  
𝜎𝑒
2 is the variance for a binomial distribution = 1   
The two model forms described in this section allows the evaluation of an 
intervention applied to the driver or manager level of data.  The next section 
describes how data can be divided into more homogeneous groups prior to 
evaluating an intervention.  
 
4.3.2 Clustering models 
The final study investigates the varying effects of training on groups defined by 
latent class analysis (LCA), an approach used rarely in road safety.   
Model based clustering approaches, also known as finite mixture models, which 
include LCA, have been developed over the past 20 years (Fraley et al., 2002).  
These are more flexible than traditional clustering methods as they may use 
continuous, ordinal or categorical data, have lower memory requirements, and the 
measurement of inter-observation similarity is not required (Depaire et al., 2008).  
The resulting clusters, however, are more difficult to understand than those 
identified using the former approaches.  The general form of LCA is given in 
equation 4-11.  This mixture probability density expresses the probability of the 
whole data set (Y) given the model parameters (θ).  It can be calculated using the 
sum across all Z clusters of the product of the prior probability of cluster 
membership, 𝑃(𝐶𝑧), with the conditional multivariate probability density 
𝑃(𝐶𝑧)𝑝(𝑌|𝐶𝑧, 𝜃𝑧), where θz is the unknown vector of parameters for cluster z.   
 𝑝(𝑌|𝜃) = ∑ 𝑃(𝐶𝑧)𝑝(𝑌|𝐶𝑧 , 𝜃𝑧)
𝑍
𝑧=1
 (4-11) 
Assumptions concerning the distributional forms of each model can be exploited to 
aid fitting.  The poLCA (polytomous latent class analysis) implementation of latent 
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class clustering (Linzer et al., 2011) approximates the observed joint distributions to 
a weighted sum of a finite number of constituent cross-classification tables.  A 
dataset consists of N observations and J categorical variables, each of which has Kj 
levels.  The observed values of the J variables are represented by binary values Xijk, 
which corresponds to the i
th
 observation, j
th
 variable with the k
th
 level of that 
variable). 
The poLCA model approximates the observed data using a weighted sum of Z cross-
classification tables, where Z is the number of homogeneous groups.  The 
conditional probability of an observation having the j
th
 variable at the k
th
 level and 
being a member of group z is given by πjzk, the parameters of multinomial 
distributions.  Within one group the sum of these probabilities over all levels of a 
variable is unity, i.e. ∑ 𝜋𝑗𝑧𝑘 = 1
𝐾𝑗
𝑘=1 .   
The mixing proportions (pz) or prior probabilities of group membership, which are 
the weights of the component tables, also sum to one, i.e. ∑ 𝑝𝑧 = 1
𝑍
𝑧=1 .   
The probability that an individual, i, in class z produces an outcome J, is the product 
of the individual probabilities.  While the probability density function across all 
groups is the weighted sum of those probabilities and is give in equation 4-12. 
 𝑃(𝑌𝑋𝑖|𝜋, 𝑝) = ∑ 𝑝𝑧
𝑍
𝑧=1
∏ ∏ (𝜋𝑗𝑧𝑘)
𝑋𝑖𝑗𝑘
𝐾𝑗
𝑘=1
𝐽
𝑗=1
 (4-12) 
The model parameters, pz and πjzk, are estimates during fitting.   
P, the posterior probability of group membership for each observation, can be 
calculated using Bayes’ formula in equation 4-13, using the probabilities of the data 
from the prior probabilities, P(Xi|π, p) = f(Xi, πz). 
 ?̂?(𝑧𝑖|𝑋𝑖) =
?̂?𝑧𝑓(𝑋𝑖; ?̂?𝑧)
∑ ?̂?𝑞𝑓(𝑋𝑖; ?̂?𝑞)
𝑍
𝑞=1
 (4-13) 
The poLCA routine estimates the model iteratively by maximising the log likelihood 
function equation 4-14. 
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 ln𝐿 = ∑ ln (∑ 𝑝𝑧
𝑍
𝑧=1
∏ ∏ (𝜋𝑗𝑧𝑘)
𝑋𝑖𝑗𝑘
𝐾𝑗
𝑘=1
𝐽
𝑗=1
)
𝑁
𝑖=1
 (4-14) 
4.4 Prediction accuracy 
This section details the model assessment methods employed in this thesis.  Possible 
assessment methods include model parameters, model goodness of fit statistics and 
the prediction accuracy for seen and unseen data.   
The model coefficients have standard errors which are used to determine which 
variables should be retained and are not discussed further.  The models have 
goodness of fit statistics R-squared, the Akaike Information Criterion (AIC), and 
Bayesian Information Criterion (BIC).  There are also many ways in which model 
predictions can be compared; percentage of cases correctly predicted, percentages of 
cases correctly predicted to make at least one claim, inter-rater reliability.  Further, 
predictions can use the data on which the model was built or new, unseen data, 
variously referred to as hold-out or cross-validation samples (Kennedy, 2008).  A 
holdout sample has the advantage of being independent of the model fitting process 
and can guard against the model being specific to one data set (i.e. over fitted).   
The best predictions from econometric models occur at the mean values of the 
independent variables extrapolation outside the range of the data become unreliable.  
This is especially applicable to predictions into the future, i.e. forecasts, for which 
there exist models of time-series behaviour incorporating complex extrapolations  
which ignore explanatory variables (Kennedy, 2008).   
4.4.1 McFadden’s R-squared  
The R
2
 goodness of fit statistic compares the log likelihoods between two models.  It 
indicates fractional change in log likelihood of the full model, LL(β) compared to a 
model containing only the constant term, LL(0).  The formula for R2 is displayed in 
equation 4-15 and is reminiscent of the R-square value from linear regression but 
this does not express the fraction of the variation explained by the model (Abdel-Aty 
et al., 2000; Kennedy, 2008).  Of the fit statistics considered in this section this 
carries no penalty for the number of parameters contained in the model. 
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 R2 = 1 − 𝐿𝐿(𝛽) 𝐿𝐿(0)⁄  (4-15) 
 
The next sections describe methods that compare observed and predicted outcomes. 
4.4.2 Cross tabulation 
Cross tabulation is a simple approach which reports the percent of observations 
predicted correctly.  The examples in this sections use the nomenclature displayed in 
Table 4-1. 
Table 4-1 Table of observed and predicted claims for 0 to 3 claims 
  Predicted claims 
  0 1 2 Total 
Observed 
claims 
0 n11 n12 n13 n1. 
1 n21 n22 n23 n2. 
2 n31 n32 n33 n3. 
Total n.1 n.2 n.3 N 
The easiest approach included only the exact agreements, i.e. the sum on the 
diagonal divided by the total classified, po given in equation 4-16, where there are N 
objects classified into g classes and nii are the number of agreements for class i. 
 𝑝𝑜 = (1 𝑁⁄ ) ∑ 𝑛𝑖𝑖
𝑔
𝑖=1
 (4-16) 
This could be modified by using comparing all the observed and predicated drivers 
on whether they claim rather than the number of claims made, po, binary, as indicated 
in equation 4-17.   
 𝑝𝑜,binary = (1 𝑁⁄ ) (𝑛11 + ∑ ∑ 𝑛𝑖𝑗
𝑔
𝑗=2
𝑔
𝑖=2
) (4-17) 
4.4.3 Inter-rater reliability 
The inter-rater reliability overcomes a problem with cross tabulation in that any 
comparison must account for the random chance of agreement.  Kappa measures the 
agreement in excess of that expected by chance.  The expected fraction of 
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agreements produced by random chance (pe) is given in equation 4-18.  Where ni. 
and n.i are the row and column totals for the i
th
 category. 
 𝑝𝑒 = (1 𝑁
2⁄ ) ∑ 𝑛𝑖.𝑛.𝑖
𝑔
𝑖=1
 (4-18) 
Kappa is the fraction of the possible improvement above that achieved by random 
assignment and calculated using equation 4-19. 
 𝜅 = (𝑝𝑜 − 𝑝𝑒) (1 − 𝑝𝑒)⁄  (4-19) 
Even this statistic is not ideal for all purposes; for example, it does not include 
disagreement between the raters or in cases where some categories represent nearer 
matches than others.  It does, however, represent an improvement on the cross 
tabulation methods. 
4.5 Corrections to observed modelled results 
This section describes how adjustments are made to the output of modelling studies.  
Even though the models control for factors other than training, they do not control 
for regression to the mean (RTM) or ongoing background improvements for which 
further adjustments are required (Hauer, 1997; Hirst et al., 2004). These adjustments 
both reduce the actual effectiveness of any training initiatives from the values 
estimated directly from the model. 
4.5.1 Removal of regression to the mean 
RTM occurred when some drivers were trained as a result of having exceeded a 
threshold number of claims, by virtue of randomly occurring events, rather than as a 
result of their poor underlying attitudes, behaviour, hazard perception or knowledge.  
If there was a random contribution to the pre-training claims then in the after 
training period they are unlikely to re-occur.  The correction for RTM has used an 
empirical Bayes (EB) method to adjust the pre-training totals to a value that lay 
between the observed and predicted claims.   
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The EB estimate of the number of claims before training (𝑀𝐵) is calculated using the 
weighted average of the prediction from an NB model (𝜇?̂?) and the observed claims 
(𝑋𝐵) as shown in equation 4-20. 
 𝑀𝐵 = 𝛼𝜇?̂? + (1 − 𝛼)𝑋𝐵 (4-20) 
With the weights (α) are calculated using the estimated claims (𝜇?̂?) and the 
dispersion parameter (𝜃) of the predictive model as indicated in equation 4-21 (Hirst 
et al., 2004).   
 𝛼 =
1
1 + 𝜇?̂?𝜃
 (4-21) 
The weights vary across observations since the estimated claims depend on 
individual driver characteristics and their risk profiles, while the dispersion 
parameter is constant only varies amongst models.   
The EB approach adopted in this thesis has been widely used in the evaluation of 
before-after road safety studies.  In the recent years, a Full Bayesian (FB) approach 
has been used to provide an integrated procedure to create a crash model, and 
compensate for the effects of both RTM and trend (Fawcett et al., 2013).  The 
approach was reported as requiring fewer data points on reference sites, accounts for 
uncertainty in the data and allows greater flexibility in the choice of crash 
distributions.  These advantages come at the expense of greater complexity without 
any change in the predicted effectiveness of the training.  Since the EB approach 
underestimates the variability of an intervention the FB may provide a wider and 
more realistic interval.  Some of the inherent benefits of FB are not relevant to this 
study as data was plentiful. A further study could however be undertaken to compare 
the effect of an intervention from these two approaches. 
4.5.2 Removal of trend 
Given that other background safety changes would have reduced claims in the 
absence of training then an adjustment should be made for what would have 
happened had training not occurred.  Compensation for these background 
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improvements is likely to lead to a reduction in the effectiveness of driver training 
compared to that estimated from the model.  (Hirst et al., 2004; Maher et al., 1996).   
The correction for the trend in background claims is given in equation 4-22 where 
𝑀𝐴 is the expected claim rate in the after training period, 𝑀𝐵 is the mean claims rate 
before the training took place, 𝛽𝑦𝑒𝑎𝑟 is the coefficient of year taken from the fitted 
model. 
 𝑀𝐴  = 𝑀𝐵𝑒𝑥𝑝 (𝛽𝑦𝑒𝑎𝑟(𝑌𝐴𝑓𝑡𝑒𝑟 − 𝑌𝐵𝑒𝑓𝑜𝑟𝑒)) (4-22) 
The mean years (since 2005) for both the periods before and after training for each 
driver were calculated from the driver histories.  The difference in these values is 
used with the estimated coefficient of years to determine the reduction in claims 
assuming the drivers improved in line with the average background trends.   
4.6 Summary 
This chapter has described the methodology to be used in this thesis and has given 
details of the methods used in the three studies.  Further to this, it details how the 
modelling results will be corrected for external effects and has also given particulars 
of model evaluation. 
The training assessment studies will be carried out using NB and Multi-Level NB 
models and driver segments identified with latent class analysis.  The resulting 
intervention estimates will be adjusted for RTM and other background changes, then 
in addition the impacts on work-related road safety will be discussed. 
Having set out the methodology and reviewed the statistical approaches available 
the following chapter of the thesis will detail the data made available by BT. 
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5 Data description 
5.1 Introduction 
The aim of this chapter is to understand if the data from a fleet company can be used 
to fulfil the objectives of this thesis.  Driver centred datasets must be constructed to 
carry out the three studies described in Chapter 4 and outlined in Figure 4-1, by 
combining four data sources: claims, driver profiles, training interventions and the 
management structure.  The objectives of the exploration are to understand the 
content of each dataset, determine any errors and clean-up errors if possible.  In 
pursuing these objectives the distribution of each variable should be as expected and 
there should be few missing values.  Exploring the data on driver and manager 
training is important to understand which interventions are likely to lead to suitable 
analysis based on the number of drivers and the length of time over which the 
training was held.    
Data were supplied to investigate the relationship between interventions intended to 
improve road safety and vehicle related claims made by employees.  In this work, 
the number of insurance claims has been used as a measure of safety.  Claims relate 
to all incidents involving the organisation’s vehicles across the UK and may involve 
injuries to employees or other people, although no specific injury data were 
available.  BT supplied five types of data for this study; claims, employee road 
safety profiles, vehicles, employee HR records and training history.  These are 
summarised in Table 5-1 and contain the number of employees and responses in 
each data source.  Given the scale and comprehensive nature of this data, and the 
availability of a unique identifier with which to join entries, these records make the 
organisation an ideal focus for this analysis. 
The number of cases in each dataset varied as can be seen in Table 5-1.  Data will be 
aggregated to the driver level with knowledge of each manager only being useful for 
manager training evaluation.  The driver information varied from 75,530 driver 
profiles to only 5,820 who took the RoadSKILLS online coaching module.  The last 
two data sources (OMS and RoadSKILLS) were only completed by drivers 
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identified as being at elevated claim risk so would not be used in the models in order 
to prevent bias.  Drivers must have completed RoadRISK to be included in the 
analysis.   
Every known claim related to employee vehicles was available so these data 
represent a reliable record of incidents involving the organisation’s drivers.  The 
case for the data’s reliability is based on the need for employees to register a claim 
in order to have a vehicle repaired.  This process constitutes an integral part of BT’s 
asset management system.  The company self-insures against all but catastrophic 
losses that are underwritten externally.   
Table 5-1 Data used for this study 
Source Detail Cases  Variables 
Claims one entry per claim 108,552 37 
Training courses by each employee 16,928 13 
HR managers of each employee 91,768 10 
Assets basic vehicle details 32,753 13 
Driver information Employees Variables 
Privacy data use rules & agreement 69,331 4 
Pledge bi-party safe driving agreement 61,693 4 
Profile personal safety & risk exposure 75,520 22 
RoadRISK defensive driving assessment 58,369 72 
OMS CBT on defensive driving  38,371 5 
RoadSKILLS 4 section driver coaching 5,820 17 
The training data relates to training undertaken by each employee including 
managers.  There are many possible levels of training with some employees having 
taken no training, while others have been on multiple courses.  Specialised training 
has been given to groups such as apprentices while other sessions were targeted 
towards collisions involving employees.  The HR data came from two sources, one 
being a list of employee numbers, first names, and managers but no demographics.  
The other was a snapshot of demographics from 2008 but was only from one large 
division and consisted of employees hire date, birth date and gender.  The STATS19 
UK national road collision database provided an external data benchmark against 
which to judge the success of the road safety programme.  Although complete data 
can never be guaranteed the company data are obtained from a controlled system 
and even serious collisions may be underreported in the national data (Gill et al., 
2006).   
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The company’s vehicle assets were provided for a fixed point in time.  The fleet has 
been reducing in size so the data may only be of limited value as a cross reference. 
The employee safety profile recorded responses to a multistage self-assessment 
questionnaire completed by each employee and began by asking if they ever drove 
on company business.  Those who drive then were asked further questions 
concerning the risks relating to themselves as a driver, the vehicle driven and typical 
journeys.  Since there are many thousands of employees this risk profile data were 
gathered over several years.  This has provided further demographic information, 
albeit self-reported.   
Detailed descriptions of these data sources are given in the following sections. 
5.2 Road safety measurements – claims data 
As stated, the aim of this thesis it to assess organisational interventions to improve 
work-related road safety therefore it is important to determine a consistent 
measurement of road safety.  Most of the claims made by employees relate to 
property damage only (PDO) which represent the base of Heinrich’s safety triangle 
(Bibbings, 1997) or the underlying road safety in the organisation.  The number of 
claims either in total or of a particular type has been chosen as a proxy for safety 
will be used as an intervention response in later analysis. 
There were 108,552 claims each described by 37 variables including 196 glass 
related incidents which were removed from the data leaving 108,356 for the 
analysis.  Three quarters of the claims were described as accidents, and were events 
that involved driving, i.e. Collision with vehicle, Damage to client's vehicle only, 
Collision with non-vehicle, Damage to client's vehicle, and those where no other 
vehicle/property involved.  The remaining claims were classed as incidents which 
were described as; Unknown, Theft, Vandalism, Other, Storm, and Fire.  For 
accident claims, 49% of drivers were judged as at fault compared to incident claims 
for which three percent of drivers were judged to be at fault.  Throughout the rest of 
this thesis, the term accident is not used as an alternative to collision unless it is used 
in the context of this data. 
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Accurate information on the event date is needed to make meaningful before-after 
intervention studies.  For the two per cent of cases in which this date was missing 
the reported date was substituted.  The delay between the two dates was small 
(average of 7.4 days), and could be an indicator of reporting quality.  Half of the 
claims were reported on the day of the event and 85% within a week.  A maximum 
reporting delay was 6.4 years for an incident occurring on 7 Mar 2006 (reported: 16 
Aug 2012).  Five percent of claims took more than a month to be reported and this 
proportion did not vary over the study period despite changes in systems and claims 
handlers.   
Figure 5-1 shows the long term monthly trends, from 2001, of claims by BT 
employees (excluding glass) compared with police compiled STATS19 data 
presenting the number of collisions reported in Great Britain where someone was 
killed or seriously injured (KSI).  Although not an exact comparator to the claims 
data used by BT, and despite some under-reporting of injuries when compared to 
hospital admissions (Gill et al., 2006), KSI data gives a reliable source of 
information regarding general road safety trends in the UK.  Models fitted to the 
data in Figure 5-1 reveal that BT claims have reduced faster than the KSI rate (-7% 
versus -4.5%) during the period of study. This suggests that the BT claims rate 
reductions are more than just a reflection of the general trend in UK road safety 
performance. There has been a noticeable reduction in the month to month variation 
in claims over the last two years of the chart.  This research investigates the 
interventions implemented during this period of sustained improvement and is based 
on the claims data gathered from 2005 to 2012, as this represents a consistent 
unbroken record of data with the same claims handling organisation. 
Chapter 5: Data description  79 
 
 
 
 
 
 
 
 
 
Figure 5-1 Trend chart of monthly insurance claims and GB KSI collisions 
The average number of claims for each hour of the day is displayed in Figure 5-2 
with a separate display of events occurring on weekdays and weekends.  The 
majority of events occur during the week.  There are many more incidents on 
weekdays during the working day with some evidence of an increase during 
commuting hours.  Incidents continue to occur during the night although a small 
increase at zero hours is likely to be an effect of incomplete data entry.   
 
 
 
 
 
 
 
Figure 5-2 Incidents per hour by time of day 
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Claim frequencies and costs are investigated next.  The severity of injuries sustained 
by the vehicle occupants and third parties are often used to represent collision 
severity.  No injury data was available, so cost served as a proxy for severity in this 
case.  The total cost of an incident not only included company expenditures but also 
claims from third parties for injury, vehicle and property damage.  This means that 
the financial data included the main human costs within and outside the company 
and was a fair representation of severity despite not having injury data.   
The collision costs and severities are summarised in Table 5-2 and categorised by 
the variable “Claim description” to recognise likely differences in collision 
causation and interventions.  The most frequent claim type was “collisions with 
vehicles” which comprised of 28% of all claims, closely followed by “vehicle 
damage only” (25%) and “collision with a non-vehicle” (19%).  The rank order of 
the number of claims and the cost of claims by category were identical, except for 
the “Other” claims.  It was noted that the cost of “collisions with vehicles” formed 
over half of the total costs but represented just over a quarter of the claims.  This 
was a consequence of the average cost of these claims (£1,766) being almost twice 
that of the overall average (£979).  Claims involving glass were the least costly and 
third least frequent claims, and were ignored in subsequent analysis as they were not 
considered to reflect fleet safety performance.  
The largest six claim description groups had significant annual reductions in claims 
over the last seven years to 2012 as indicated in Table 5-2.  The only groups for 
which there were increases were for “Storm” and “Other” (in which 70% of the 
drivers disputed the event) and represented only four percent of all claims and costs.   
More detailed claim descriptions with 84 categories were provided in the data.  Even 
when using these descriptions the claims were concentrated into the three categories; 
“Damaged whilst parked involving an unknown third party”, “Unknown” and where 
“The driver hit fixed object”.  Together they represented 49% of all claims.  Linear 
regression models fitted to annual totals these 84 categories indicated that 24 had 
shown significant improvements while only five categories had increased 
significantly over the period of study.  The nine most frequent categories, which 
represented 65% of all claims, all showed significant reductions.  The most frequent 
categories that showed no improvement represented seven percent of claims and 
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were “Employees reversed into a third party”, “Damaged whilst parked where the 
third party is known” and “Parking and manoeuvring”, the last of which recorded a 
significant annual increase in claims.  This trend analysis indicated that there has 
been an across the board improvement in safety rather than gaming the system by 
alterations to reporting conventions. 
Table 5-2 Claim counts and costs 2005-20012 
 
Claims Total costs 
Average 
cost per 
claim, £ 
Claim description Number % 
Change 
p.a. 
3 
£m %  
Collision with vehicle 
1
 30,537 28% -9% 53.94 51% 1,766 
Damage to client's vehicle 
only 
1
 
26,726 25% -6% 16.91 16% 633 
Collision with non-vehicle 
1
 20,842 19% -7% 15.25 14% 731 
Unknown 16,241 15% -23% 9.61 9.0% 592 
Theft 4,893 4.5% -11% 3.14 3.0% 641 
Vandalism 2,655 2.4% -14% 1.56 1.5% 588 
Other 2,654 2.4% 2% 2.60 2.4% 979 
Storm 2,014 1.9% 10% 1.68 1.6% 835 
Damage to client's vehicle 
1 
1,615 1.5% -30% 1.38 1.3% 854 
Glass 196 0.2% na 0.04 0.04% 192 
No other vehicle/property 
involved
1,2 
103 0.1% 14% 0.09 0.09% 907 
Fire 76 0.1% -15% 0.05 0.05% 629 
Total 108,552   106.24  979 
1
 Classified as an accident, not an incident 
2
 Vehicle defect or tyre blow out 
3
 Bold text signifies statistical significance at the 95% level 
A relevant driver training recommendation was recorded against over half of the 
claims.  These recommendations represented a proposed intervention rather than 
being the actual training delivered.  The comparison of the recommended to actual 
training interventions was not carried out, so there may be discrepancies between the 
recommended and actual training.  The proportion of each training type remained 
largely constant over the period of study.  Training on low speed manoeuvring and 
reversing was allocated to 25% of the drivers while 22% were expected to attend 
safe and fuel efficient driver training (SaFED).  This second group included those 
who had more severe sounding claims involving collisions with other vehicles and 
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objects.  The smallest group (7%) were those who reported a theft or break-in and as 
a result were due to receive training in vehicle security.   
 
 
 
 
 
 
 
Figure 5-3 Distribution of claim costs 
No injury or severity data were recorded, so the total claim cost could be used as a 
proxy for collision severity.  The total claim cost was the most complete information 
on claim costs present in the data, these costs were made up of; damage paid, 
accident damage, third party actual and total third party costs.  Total costs given in 
the data were likely to be an underestimate as other cost components such as 
sickness cover were not included.  Displayed in Figure 5-3 is the histogram of costs, 
which resembles a log normal distribution.  Some claim values between £100 and 
£400 represented estimates and fixed price repairs and as a result there is a much 
higher claim frequency than expected.  The chart also indicates that 7.5% of the 
claims were for zero value.  These were distributed uniformly over time although the 
reasons for employees reporting no cost events were not known.   
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Figure 5-4 Boxplot comparing claim costs (log scale) by vehicle type 
Some analysis of crash costs was carried out.  This analysis was to identify obvious 
differences between vehicle types, a factor often used in collision clustering.  The 
boxplot displayed in Figure 5-4 was used to explore the hypothesis that vehicle type 
is a factor in collision severity with larger and heavier vehicles having a 
disproportionate involvement with more serious collisions.  Light commercial 
vehicles (including white vans), cars and heavy commercial vehicles made up 60%, 
34% and 4% of the claims respectively.  The average value of car claims was the 
lowest of the three vehicle types at £955, with light and heavy commercial vehicle 
claims being for £974 and £1,266 respectively whereas trailer and heavy trailer 
claims were more expensive at £2,561 and £1,721.  This does indicate that claims 
involving cars are the least expensive although there was no statistical difference in 
costs amongst vehicle types.  If zero value claims are removed then the group ranks 
are maintained however, the average claim values are increased to £1064, £1000, 
£1519, £744, £3071 and £2475 for the six groups indicated in Figure 5-4.  There was 
no statistical difference in mean or median collision cost amongst the groups after 
removing zero value claims.  This analysis lends support to a clustering approach 
not based purely on vehicle type.  
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Since April 2011 extra data has been recorded on road type, journey purpose and 
speed data.  Incidents taking place on B-roads, car parks, unclassified roads and 
unknown locations each contributed to approximately 15% of the claims.  Although 
claims on motorways comprised only two percent of the total and examination of 
claim costs revealed that motorway incidents were only £1,500 and was, on average, 
the third most expensive incident location, after A-roads (£2,000) and B-roads.  
Incidents occurring in car parks and at home were the least expensive and cost one 
third of those on A-roads.  The data suggested that A-roads had the most severe 
incidents although there is considerable cost variation within all road classifications.  
The journey purpose data yielded little information with 60% of claims being related 
to ‘business’ journeys and 22% being parked only 9% were for personal journeys 
but there were no claims for incidents while commuting.  This section could have 
been more useful if it had included more specific trip information, such as visiting a 
customer or attending staff meetings.  
Over the final 18 months the posted speed limit at the incident site and the speed at 
impact have also been recorded although these were self-reported values rather than 
recorded by IVDR systems.  These speeds have been investigated for associations 
with collision severity, i.e. cost.  On average, the costs increase for speed limits up 
to 50 mph and decrease for higher limits.  This same pattern was found for the speed 
prior to the incident but not for the reported speed at impact for which incidents 
between 11 and 20mph have average claim costs higher than would be expected 
from those at other speeds.  Collisions at high impact speeds did not cost more than 
those at lower speeds.  For example, the 112 incidents occurred at speeds over 
50 mph cost less than half that of those which occurred between 40 and 50 mph.  
This relationship questions the validity of the self-reported data and suggests that 
there is either other information missing or a more in-depth analysis is required.  
Given the small amount of data and lack of constancy within the data this 
information was not included in further analysis. 
Exploration of the claims data produced no evidence it to be fabricated or 
untrustworthy, except for self- reported speeds as noted, and little data was missing.  
The reduction in claims was uniform across claim descriptions supporting the view 
that the improvement is genuine and not a result of changes to reporting.  The 
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similarity of claims costs across vehicle types indicated that clustering did not have 
to be based purely on vehicle type.  As a result of this exploration, the data was 
found to be suitable for claim modelling as described in Chapter 4 (section 4.3.1).   
5.3 Training data 
Training represents one form of intervention that will be analysed later in this thesis.  
An understanding of the nature of training is important to determine its 
effectiveness.  Sixteen different training courses have been implemented each 
targeted at different people and behaviour, and are summarised over time in Table 
5-3.  The upper and lower sections of the table represent the periods where different 
claims handlers were engaged.  The training priorities and emphasis have shifted 
over time, with a move from courses involving forward facing driving towards those 
delivering training for driving at low speeds including reversing.  In the first period 
70% of all training was forward facing but this was only 38% in the second, whereas 
training related to low speed driving increased from 3% to 23% of all sessions.   
Since 2006, the amount of training delivered annually has been constant with the 
exception of 2010 when a large number of managers were trained.  In addition to 
including a greater proportion of training for driving at low speeds, the later period 
contained other specialised training including those for apprentices and fuel efficient 
driving targeted at employees driving long distances.  This change was led by 
detailed analysis by BT of their claims data which identified low speed manoeuvring 
and new young employees as being key risk factors.  Managers’ training in the first 
period was concerned with the need for and importance of work-related road safety 
whereas in the second period the training was on how to work with the new systems 
that improved road safety.  Incorporating detailed knowledge about training into the 
study should offer improved evaluation sensitivity.  Since the aims of courses differ 
then so can their outcomes.  The challenge will be to isolate the target group and 
control for other factors contained in this complex data set. 
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Table 5-3 a & b Training sessions delivered 2001-2012 
a While claim handlers one & two were used 
1
 
Course 2001 2002 2003 2004 2005 Total    
Driver training 
     
    
Forward facing 554 982 1,564 493 529 4,122 70%   
Low speed 0 0 0 161 0 161 3%   
Manager 0 0 38 1,423 49 1,510 26%   
Induction & 
apprentices 
0 0 0 23 60 83 1% 
  
Other 0 0 0 0 0 0 0%   
Total 554 982 1,602 2,100 638 5,876    
b While claim handler three was used 
 
2006 2007 2008 2009 2010 2011 2012 Total 
 
Driver training 
         
Forward facing 407 969 601 548 785 491 434 4,235 38% 
Low speed 1 226 327 370 424 395 758 2,274 23% 
Managers 460 406 158 0 1,366 296 0 1,820 24% 
Induction & 
apprentices 
269 215 119 34 0 280 61 494 9% 
Other 0 2 48 407 164 16 15 650 6% 
Total 1,137 1,818 1,253 1,359 2,739 1,478 1,268 8,097 
 
1
 The change to claims handler three took place in the middle of 2005 
The training data included the reason for the individual to be trained with collisions 
having been the most frequent reason for training and this lead predominantly to 
driver training.  This observation makes RTM very likely in any comparison of 
claims before and after driver training.  Line manager referral was the second most 
frequent reason; however, these tended to relate to risk management courses for 
managers rather than on-road events.  Since 2005, a regular review of driver profile 
results and collisions have resulted in further referrals and the third largest reason 
for training.  These referrals were most likely to send employees on forward facing 
driver training.  Referral of apprentices also began in 2005 and resulted in driver 
training for this group.  Not all training has been completed, since 2009 over 100 
referrals per year remain pending, these represent less than 10% of the total trained.  
The underlying reason for non-completion of training was that the employee was 
“not available” these could include employees no longer being with the company.   
Finally, the risk ratings for each trainee indicated that 7.4% were rated as medium 
risk and only 0.1% of the drivers were a high risk, with almost 58% of apprentices 
being in the medium risk band by virtue of their age.  This indicated that training 
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was not solely targeted towards drivers that were considered at risk but were a more 
general sample of the company’s drivers. 
In addition to explicit training courses and RoadRISK assessment, it may be 
hypothesised that the completion of the driver profile questionnaires such as 
RoadSKILLS and risk awareness may be regarded as training interventions and as a 
result, employees may improve their road safety performance.   
5.3.1 Interventions 
Training courses are an example of an intervention that could be used to improve 
road safety, although any intervention to which a single date can be assigned may 
use the same approach.   
The frequency and descriptions of the interventions are discussed in this section 
although the detailed syllabuses of the training programmes were not disclosed.  The 
courses at least partially focus on attitudes to safety not simply on technical driving 
skills.  The literature review revealed a view that an improvement in attitude is 
needed to improve driver safety performance (Bomel Ltd., 2004; Murray et al., 
2003) so any such changes should impact many claim categories.  Ludwig et al. 
(2000) also reported behaviour change generalisation in which untargeted 
behaviours also improved.  They also reported counter control for a driver who 
exhibited an increase in a targeted behaviour but a decrease in a related but non-
targeted behaviour.  These observations supported the need to monitor several 
outcomes to obtain a fuller picture of changes. 
Sixteen different training courses had been used by the company.  Table 5-4 
considered the courses taken by drivers and managers at any time, and the numbers 
within the analysis period for which the employee numbers and course dates were 
known.  On average only half of the courses fall within the analysis period of 2005-
2012.  Turning Point (TP), Back in Control (BiC), Safe and Fuel Efficient Driving 
(SaFED) and Managing Safe Driving appeared to be the most likely candidates for 
analysis on account of the number of courses that could be used for analysis.  Inputs 
from the company indicated that TP and SaFED should be combined.  Evaluation of 
Chapter 5: Data description  88 
 
the Managing Safe Driving programme will be presented in Chapter 7.  Analysis of 
the programme required the inclusion of the management hierarchy. 
Table 5-4 Courses delivered, total and in the analysis period  
Course All 
During 
analysis 
period 
(2005-
2012) 
Percent 
in 
period 
Drivers 
with 
duplicate 
courses 
(courses) 
Turning Point (TP) 6 000 1 396 23%  
Back In Control (BiC) 2 662 1 864 70%  
Whose Risk 2 534 758 30%  
SaFED 2 357 1 472 62% 7 (14) 
Managing Safe Driving 1 662 1 460 88%  
Apprentice 524 303 58%  
Induction 480 223 46%  
ESaFED 462 379 82%  
Fuelwise 93 81 87%  
ModApp 57 49 86%  
BT SaFED Assessment 47 35 74%  
Towing 21 20 95%  
Ambulance Driving 12 11 92%  
Personal Focus 10 8 80%  
LCV 4 4 100%  
Foundation 3 3 100%  
Total 16 928 8 066 48%  
The analysis was designed to determine if the interventions resulted in a significant 
reduction in the number of claims.  Analysis could be restricted to types of driver or 
vehicle, and constrain claims to those influenced by the intervention.  Knowledge of 
work-related road safety was useful to guide these selections.  Two intervention 
types were evaluated in this analysis.  The first is described as forward facing and 
concerned improvement under normal driving conditions on the open road or in 
traffic.  The names of these programmes were “Turning Point”, and “Safe and Fuel 
Efficient Driving” which are described as “TP or SaFED” elsewhere in the thesis.  
The programmes had similar objectives and had similar content with TP being 
superseded by SaFED which included eco-friendly driving goals.  The second 
intervention type was named “Back in Control” (BiC) and aimed at improving the 
performance of drivers in parking, low speed manoeuvring and reversing situations 
which may occur on roads or in other locations such as car parks.  Drivers were 
assigned to training if they met certain criteria such as having high collision 
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involvement in a twelve month period, drove high mileages, towed trailers or were 
young drivers.  If a driver is involved in two defensive driving collisions or low 
speed collisions then they are assigned to SaFED or BiC respectively.  Training 
drivers with high numbers of claims rather than assigning them randomly is likely to 
inflate the training effect as a result of regression to the mean.  Compensation for 
this effect is included in the driver training evaluation of Chapter 6. 
5.4 Driver information 
Driver information was obtained from self-completed surveys gathered from six 
sources specified in Table 5-5 the first of which, the driver profile, is a summary of 
the remaining five.  Descriptions of each module taken by the drivers are contained 
in and elaborated in the sections below.  
Table 5-5 BT online risk assessment, monitoring and improvement modules 
Module title  Description 
Policy and Licence 
verification 
5 minutes self-declaration regarding policy awareness 
and driver licence details 
RoadRISK: Profile 15 minutes online assessment of driver’s exposure to 
risk 
RoadRISK: Defensive 
Driving 
20 minutes online assessment of driver’s attitude, hazard 
perception, behaviour and knowledge  
One More Second 2 hours computer based training (CBT) programme 
focusing on driver attitude and behaviour including six 
interactive modules and a 30 question knowledge check 
RoadSKILLS  
 
Interactive CBT with four 20 minutes modules covering 
city, country, highway and general driving scenarios 
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Table 5-6 BT safety programme completions by outcome and year 
 Year 
Data source Outcome 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 NA Total 
P
o
li
cy
 a
n
d
 L
ic
en
ce
 
v
er
if
ic
at
io
n
  
Drive for work n/a 
            
7,350 7,350 
No 
   
7 556 997 715 2,472 3,115 8,401 2,229 324
 
18,816 
Yes 
   
186 8,790 5,898 2,948 7,375 12,509 5,485 5,376 787 
 
49,354 
 Total 
   
193 9,346 6,895 3,663 9,847 15,624 13,886 7,605 1,111 7,350 75,520 
Pledge No 
       
7 8 3 4 
  
22 
Yes 
   
224 10,039 6,904 4,062 13,195 17,098 5,397 4,138 614
 
61,671 
 Total 
   
224 10,039 6,904 4,062 13,202 17,106 5,400 4,142 614 
 
61,693 
Privacy Disagree 
         
1 1 
  
2 
 Agree 
       
38,137 19,909 6,562 4,115 606
 
69,329 
 Total 
       
38,137 19,909 6,563 4,116 606 
 
69,331 
Road Risk n/a 
       
12 104 88 115 17 
 
336 
 
Low 
       
8,461 6,094 1,550 1,070 178 
 
17,353 
 
Medium 
       
21,084 11,003 3,868 2,932 398 
 
39,285 
 
High 
       
688 314 173 126 29 
 
1,330 
 
Very high 
       
35 19 6 4 1 
 
65 
  Total 
       
30,280 17,534 5,685 4,247 623 
 
58,369 
OMS attempts 
 
            
1,392 1,392 
Pass 198 837 939 470 1983 2469 1910 8371 9599 5480 3785 397
 
36438 
 
Fail 3 0 6 2 23 20 8 163 97 88 109 22 
 
541 
  Total 201 837 945 472 2,006 2,489 1,918 8,534 9,696 5,568 3,894 419 1,392 38,371 
RoadSKILLS Passed 3 4 4 12 426 321 414 1,461 1,048 1151 770 67 139 5,820  
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RoadRISK 
The RoadRISK data seeks to establish the risks experienced by employee drivers 
and is split into three sections covering the driver, journey and vehicle categories as 
used by Haddon (1972).  Risk ratings for the driver, journey and vehicle components 
as well as the overall risk ratings were given for each person (i.e. low, medium, high 
and very high).  The heuristic rules for assignment to the risk categories are 
proprietary to Interactive Driving Systems, however, modelling should offer 
statistically based insights into driver classification.  The Spearman correlation 
coefficients between the overall rating and the individual driver, journey and vehicle 
ratings were all significant (ρ = 0.78, 0.30 & -0.10, respectively).  Only the 
correlation of overall risk with the driver is large while the correlation of overall risk 
with the vehicle rating is small and negative.  This implies that the driver dominates 
the overall IDS risk rating.   
 
 
 
 
 
 
 
 
 
Figure 5-5 Histogram of employee ages from driver profile data 
Drivers are characterised by their demographics, knowledge of policies, the role of 
safety as a priority at BT, eyesight and health checks, and mobile phone usage.  The 
distribution of employees’ age is given in Figure 5-5.  Most drivers were aged from 
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25 to 60 years (93%), with only one percent of drivers being under 20 years old and 
four percent were aged from 20 to 25 years.  This age profile was reflected in the 
responses on driving experience with 85% having driven for over four years, which 
gives an impression of an older and more skilled work force.  Self-reported 
personality types included 636 (1.1%) who described themselves as aggressive, 
impulsive, uncertain or irresponsible and were more prevalent amongst employees 
under the age of 25.  Although this represented just 1% of the sample, these self-
beliefs may be a useful collision predictor.  Questions on previous collision 
involvement revealed that three percent had previous involvement in serious 
collisions, 14% in minor collisions and 12% had been fined for speeding or other 
moving violations.  The Spearman correlation coefficients between the previous 
collision involvement variables ranged from only 0.05 to 0.08 which, although 
significant at the 95% confidence level, indicates that reported receipt of fines and 
involvement in minor or major collisions are only weakly associated so may have 
only limited value as predictors. 
Employees’ view of BT safety culture revealed that 73% believed there was a 
stronger safety culture than at their last employer, this was even held by employees 
whose previous employment ended many years earlier.  In reference to training in 
defensive driving and antilock braking system (ABS) use, only 16 and 33%, 
respectively, of drivers stated they had received such training.  There were also ten 
proprietary questions on driving style, which explored the following factors; giving 
adequate signals, driving one handed, concentration lapses, mirror use, blind spots 
checks, safety belt usage, reverse parking, break frequency, medications and 
speeding.  Undesirable responses were given by up to four percent of drivers for 
example always or usually driving long distances without a break.  The desirable 
action of always wearing a seat belt was reported by 98.4% but only 40% reported 
never speeding and a further 77% and 22% respectively reported rarely or 
sometimes speeding.  The responses to driving style questions were correlated to 
each other so factor analysis was used to reduce the number of dimensions and give 
added insight into the data.  The KMO measure of sampling adequacy was found to 
be 0.83 (which is described as meritorious) and Bartlett’s test of sphericity was 
significant, both statistics indicated the suitability of factor analysis, however, the 
marginal distributions were skewed indicating a possible deviation from multivariate 
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normality.  Two factors were only able to explain 29% of the variation in the 
original style variables, from communalities, the variation in responses to blind 
spots was explained best, and that of reverse parking was explained worst.  The 
loading plot of the variables is given in Figure 5-6 which indicates the similarity in 
the responses to questions on “no break”, “one-handed driving”, “concentration 
lapses” and “speed limits”.  These factors may be useful in modelling collision 
responses because they have removed the interdependency of independent variables 
(i.e. multicolinearity). 
 
 
 
 
 
 
 
 
Figure 5-6 Loading plot of driving style factors 
Details of typical work and personal journeys were included in the driver road risk 
survey.  Exposure in terms of time and distance driven revealed that 94% drove less 
than four hours per day and only one percent over eight hours per day.  Further 
analysis indicated long driving times were restricted to employees who could be 
expected to drive long distances such as delivery drivers.  Half of the drivers 
reported fewer than 5,000 work miles but 57 people reported driving over 50,000 
miles annually.  Technical staff drove shorter distances and regional and intercity 
delivery staff drove longer distances.  High mileage drivers tended to report a 
greater percentage of motorway driving while drivers reporting fewer than 5,000 
annual miles tended to drive less on country roads.  The associations between these 
variables must be considered when model building given that claim risk is a 
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combination of exposure and probability of occurrence.  Other difficult driving 
conditions were driving on dirt roads (24%), driving in another country (3%), 
driving a minibus (3%) and towing a trailer (12%).  The level of the exposure to 
these risks was unknown.  In addition to the time worked, regularity of shift pattern 
revealed that 6% had unpredictable hours with no set pattern, 14% had variable 
hours (i.e. shifts), and 79% had constant hours.  Dalziel et al. (1997) stated that shift 
changes disrupted sleep patterns with an effect on driving performance.  
The vehicle used for work were mostly light commercial vans (LCVs, 46%), 
midsize cars (26%) and small cars (14%).  Some drivers reported use of military 
vehicles (38) or livestock transporters (12), although these do not appear on the 
vehicle inventories.  Further doubt in this information is cast by half of the livestock 
transporters being driven by those with technical roles and one was driven by 
someone engaged with sales, marketing or management.  There were 117 claims 
made by those stating they drive military vehicles or livestock transporters, analysis 
uncovered that the claims mostly involved LCVs.  There were 2.3 and 1.8 claims per 
person for those vehicle types while the overall average was 1.5 leading to a 
suspicion that drivers making frivolous responses could represent higher claim risks.  
Vehicles are mostly owned by the company (63%) but this varies by job description 
with 92% of technical staff reported using a company owned vehicle and 56% of 
senior managers reported use of private cars.  In future analysis, risks related to 
vehicle ownership may be confused with those of job function since there is an 
association between these independent variables.  These checks also determined that 
the questionnaires had been completed fastidiously.   
Employees were asked safety related questions regarding their vehicles.  The 
majority of drivers believed they were responsible for maintenance.  A small 
fraction (1%) of the group did not think their vehicle was always serviced in line 
with the manufacturer’s guidelines, more disturbingly, for vehicles over ten years 
old, drivers indicated that nine percent were not maintained in that way.  
Approximately 1% of the fleet was more than 10 years old.  The figure was 
dominated by privately owned vehicles, since less than one percent of company 
vehicles were older than ten years.  Responses to the safety rating of their vehicles 
indicated that employees believed newer vehicles had better safety performance 
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ratings, with vehicles over eight years old had noticeably worse ratings.  There was 
uncertainty concerning the ownership of safety, in general, employees believed 
responsibility lay with the driver and this was especially true for drivers of privately 
owned vehicles, however, 29% of company vehicle drivers believed it was the 
responsibility of the fleet manager.   
The driver survey finished with questions concerning the presence of safety features 
in their vehicles.  These included; automatic transmission, antilock brakes, 
emergency brake assist, traction control, high level brake lights, automatic 
maintenance alert, cruise control and the number of airbags fitted.  The majority did 
appear to give credible responses, but seven percent did not know if they drove an 
automatic transmission and nine percent did not know if their vehicle had cruise 
control.  These features are visible from the driver’s seat and may perhaps indicate 
unconsidered responses.  
Four measures of safety are included in the assessment, namely; attitude to risk, 
knowledge of driving risks, behaviour on the road and perception of hazards.  
Histograms and descriptive statistics of the scores are displayed in Figure 5-7.  Road 
risk scores are taken from a single assessment without reassessment so consequently 
distributions appear to be largely normally distributed with some right truncation.  
Significant correlations were found amongst all these variables with the Pearson 
correlation coefficient ranging from 0.27 (attitude and knowledge) to 0.42 
(behaviour and hazard).  The KMO measure of sampling adequacy was 0.73 
(middling) and Bartlett’s test of sphericity was significant, so again factor analysis 
may be useful to combine these variables.  Fitting a one factor (principal 
component) model explained 51% of the variation and 70% with two factors.  The 
two factor approach resulted with scores on knowledge, behaviour and hazard 
perception being represented by the first factor while the second component 
represented the attitude score. 
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Figure 5-7 Histograms of four road risk assessment scores 
One More Second 
Over 38,000 drivers (forty four percent of the drivers) have taken the One More 
Second (OMS) module.  This computer based training module is generally taken by 
those drivers who have been assessed as a medium risk.  Drivers have two attempts 
to pass the module; those who do not pass are referred to RoadSKILLS.  From 2002, 
hundreds of drivers took the module each year.  After 2005 participation increased 
to thousands per year (see Table 5-6).  Only 541 (1.5%) had failed although 1,392 
additional drivers had unknown scores or test dates but were classed as having 
failed, making the possible pass rate as low as 95%.  The fraction of employees 
passing on the first attempt has dropped from 56% in 2006 to 29% in 2012.  There is 
no obvious reason for this change.  
Two histograms of OMS scores are given in Figure 5-8, the upper chart represents 
those drivers who had one attempt at the assessment and the lower represents those 
having made two attempts.  There appears to be a truncated distribution of scores for 
those with one attempt but those with two attempts exhibit a smooth tail of the left 
side.  The scores of those who passed first time was higher than those who required 
two attempts (87% versus 83%) and the difference was statistically significant 
(p < 0.05).  All drivers with two attempts on the module were designated as having 
passed despite some scores being below the 79% pass mark.  The 541 drivers that 
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failed had made only one attempt on the OMS module.  In addition, two drivers had 
made three attempts at OMS and 1,392 had made no attempts at the module. 
 
 
 
 
 
 
 
 
Figure 5-8 Histograms of OMS scores for drivers making one and two attempts at 
the assessment 
It is concerning that the OMS assessment scores do not agree with the pass/fail 
criteria.  First attempt scores are not available for all employees, because the scores 
achieved by those failing first time, were replaced by their reassessment scores.  The 
OMS data may useful in analysing interventions but the value of both the final 
scores and the number of attempts may have to be assessed in further analysis.   
RoadSKILLS 
RoadSKILLS trains and evaluates drivers on defensive driving scenarios using a 
computer based training module.  The data from the module on 5,820 drivers 
contains the results of four online courses, the number of attempts at each course 
and the date on which the final passing assessment was made.  The distribution of 
the average scores is contained in Figure 5-9 along with summary statistics for the 
scores from each of the four sections.  BT set the pass mark for this test at 80%.  
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Figure 5-9 Histogram of combined scores from the RoadSKILLS assessment 
 
Figure 5-10 Histogram of road skill assessment attempts by driver 
The distribution of assessment attempts by driver is displayed in Figure 5-10.  A 
minimum of four attempts are required to pass the entire assessment.  The numbers 
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of attempts taken were recorded as zero for 74 drivers and between one and three for 
a further 51, these results came from new drivers who have yet to complete the 
assessment since in order to pass the assessment the minimum number of attempts 
should be four, i.e. one per section. 
The correlations within the RoadSKILLS data were investigated to gain greater 
insights into driver assessment and obtain an overall figure of merit.  The eight 
variables (a score and the number of attempts for each of the four sections) provided 
28 possible correlations, 23 of which were significant.  The greatest correlations 
were amongst the number of attempts at the sections with Pearson correlation 
coefficients lying between 0.42 and 0.47.  The correlation coefficients between pairs 
of section scores lay between 0.17 and 0.25 while the correlations between the 
scores and number of attempts at each section ranged from 0.19 to 0.38 but these 
could be expected to be negative since failure to reach the pass mark immediately 
could indicate future poor performance.  It would appear that failing on the first 
attempt provided opportunity to practice resulting in a higher final mark.  The 
correlations between unrelated section scores and attempts were the weakest and 
only ranged between -0.04 (not significant) and 0.10 (significant at the 95% 
confidence level). 
Factor analysis was carried out on these variables in order to give insight and reduce 
the dimensions in the data.  Although Bartlett’s test of sphericity was significant, 
meaning there were significant correlations within the data, the KMO measure of 
sampling adequacy was found to be only 0.59.  This value is at the upper end of the 
category described as miserable but by dropping the scores on sections one and two, 
the KMO rises to 0.68 (mediocre).  The best solution was to combine all four 
variables expressing the number of attempts using factor analysis and omit the 
individual scores resulted in a KMO statistic of 0.78 (middling). 
The assessment scores may provide some discrimination between drivers but the 
narrow distribution and the recording of only passing scores may prove a hindrance.  
The number of attempts required to pass the assessments may prove more useful 
especially if they were combined using factor analysis.  
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5.4.1 Correlations amongst variables 
The combined dataset was limited to those observations for which there was 
RoadRISK data and consisted of 58,369 cases and 56 variables.  An investigation 
was carried out into the correlations between the independent variables which could 
result in multicolinearity and consequential imprecision of the parameter estimates.   
All possible bivariate associations were calculated, not just those involving the 
dependent variable (number of claims).  The Pearson and Spearman correlation 
coefficients were used when the comparisons involved scale and ordinal variables.  
Associations between nominal variables used the Cramer’s V statistic derived from 
the chi-square test.  Association between a nominal and either a scale or ordinal 
variable used the coefficient of determination (R
2
) derived from a linear regression 
model.  Only 5% of the associations between the dependent and independent 
variables were statistically significant.  Only strong associations, as determined by 
the Pearson (r) or Spearman (ρ) correlations, the coefficient of determination (R2) or 
Cramer’s V, were taken to be important.  Table 5-7 contains 13 variable pairs with 
association values greater than 0.5, and the association between country and 
motorway driving.  As a result variables, rr_score, percentage of town driving, 
health questions including eyesight and years of driving were removed from the list 
of candidate independent variables.   
Table 5-7 Strongly associated variables in the data (r or V > 0.5) 
Variable 1 Variable 2 Statistic Value 
rr_score 
1
 rr_att_score r 0.70 
rr_score 
1
 rr_behav_score r 0.65 
rr_score 
1
 rr_haz_score r 0.62 
rr_score 
1
 rr_know_score r 0.60 
pro_j1_perc_country pro_j1_perc_town 
1
 r -0.60 
pro_j1_perc_motorway pro_j1_perc_town 
1
 r -0.47 
pro_j1_perc_country pro_j1_perc_motorway r -0.24 
rr_type 
1
 pro_d1_eyesight. 
1
 V 0.74 
rr_type 
1
 pro_d1_health. 
1
 V 0.74 
rr_type 
1
 pro_j2_tow_trailer.  V 0.74 
pro_d1_eyesight. 
1
 pro_d1_health. 
1
 V 0.74 
pro_d1_eyesight. 
1
 pro_j2_tow_trailer.  V 0.71 
pro_d1_health. 
1
 pro_j2_tow_trailer.  V 0.71 
pro_d3_age. pro_d3_years_driving. 
1
 V 0.69 
1
 Removed as a candidate variable 
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5.5 Human resource 
Two sources of HR data were available.  The first HR file contained date of birth, 
hire dates and gender information on 32,988 employees of one division taken from 
2008.  A histogram of their ages is displayed in Figure 5-11 which indicates that the 
distribution of ages is skewed with few younger employees.  The average employee 
age was 45.7 years with 93.8% of employees being aged between 40 and 60 years 
and 3.1% aged 25 or under.  These are similar to the proportions found from the 
driver profile information displayed in Figure 5-5 (i.e. 92.6% and 5.2%). 
 
 
 
 
 
 
 
 
Figure 5-11 Histogram of employee ages for one division 
The second HR file data contained the employee id, first name, country of 
employment and manager’s employee number for 91,710 employees.  The 
employees were based in 61 countries with 83% based in Great Britain.  Using the 
first name as an indicator of gender 71% were determined to be male, 19% female 
and 10% could not be determined because of an ambiguous or unrecognised first 
name.  The staff were supervised by 12,084 managers who had an average of 7.6 
staff although one manager had 194 staff and 1,667 managers had only one member 
of staff.  Amongst managers, the proportions of each gender are similar to all 
employees (71%, 20% and 9%) and furthermore 80.7% of managers are based in the 
UK, slightly lower than that overall.  
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Of the 76,697 staff based in Britain 79.6% were male, excluding the 5.6% with 
undetermined gender, which is lower than that for which detailed HR data are 
known.  Amongst managers, 77.8% of managers based in Great Britain are male. 
This demographic data will be useful in later analysis since these variables are 
usually included as controlling variables.   
5.6 Assets 
An asset list from the end of 2012 revealed that the company owned 32,753 
vehicles, the majority of these were commercial vehicles of up to three and a half 
tonnes and only 16.5% were cars.  The totals and percentages by vehicle category 
are displayed in Table 5-8 along with those gathered from the driver profiles and 
collision claims.  Most of the difference between the asset register and driver reports 
could be explained by employees driving their own cars with a small effect of the 
fleet reduction policy.  Over 20,000 more people reported driving cars and four 
wheel drives than are owned by the company.  There was also a large difference in 
in the numbers of minibuses owned and reported as being driven by employees.  
These differences are likely to be accounted for by private or hired vehicles, and 
vehicle sharing.   
Table 5-8 Vehicle types by assets, driver profiles and claims  
 
Assets Driver profile Claims
1 
Vehicle type Total % Total % Total % 
Commercial vehicle up to 3.5t 23,730 72.5% 26,902 46.1% 64,555 60.5% 
Car 5,412 16.5% 27,810 47.6%
2
 37,126 34.8% 
Trailer 1,402 4.3% 3,555
3
 6.1% 282 0.3% 
Commercial vehicle 3.5t to 7.5t 1,195 3.6% 
} 689 1.2% 4,751 4.5% 
Commercial vehicle over 7.5t 654 2.0% 
4WD 315 1.0% 1,880
4
 3.2% 
  Tractor 37 0.1% 34 0.1% 
  Service vehicle 7 0.0% 
    Minibus 1 0.0% 564 1.0% 
  Other 
  
490 0.8% 328 0.3% 
Total 32,753 
 
58,369 
 
106,714 
 t – tonnes,  1 see Figure 5-4, 2 Includes privately owned vehicles, 3 Trailers are 
excluded from driver total, 
4
 Includes SUVs 
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This data has highlighted the extent of the grey fleet, i.e. private and other non-
company owned vehicles used on company business.  Although the company does 
not own the asset, these vehicles may expose the organisation to liability.  This risk 
appears particularly great for cars since there is a low proportion of assets that are 
cars (16.5%) compared to cars stated as driven by employees (47.6%).   
5.6.1 Claim types 
There were a large number of claim categories against which the interventions could 
have been assessed, but it is unlikely that there is a one to one correspondence 
between claims types and interventions.  Details for the claim categories are given in 
Table 5-2.  A review of the claim types used to assess the interventions is given in 
this section. 
All claims 
The simplest approach to evaluation was to build models for all claims types as it 
assumed that all aspects of driving would be influenced by the intervention.  
Although this was unlikely to provide a useful outcome measure it has been used to 
establish a baseline for other evaluations. 
‘Driving’ claims 
A subset of claims that could be influenced by the TP or SaFED training programme 
was selected from the total data.  These represented everyday driving situations 
including collisions with moving and stationary objects and also issues arising from 
poor road conditions.  There were 31 incident categories accounting for a major 
portion of the claim risk (35%).  The four most frequent incident descriptions were 
“Hit fixed object” (13%), and “TP hit Client vehicle in rear” (5%) “Hit 
parked/stationary: Client hit parked/stationary TP vehicle” (3%) “Changing lanes: 
TP hit Client vehicle” (2%).  Although two of these involved a third party hitting the 
company driver, these incidents could have been avoided by defensive driving.  
Claims for events such as theft or damage to a vehicle while it was parked were 
excluded.  Drivers who had been trained made almost six times as many claims 
compared to those who had not (29.7% versus 5.1%).  This is likely to have been a 
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result of drivers who had made several claims were targeted for training, rather than 
training being the cause of claims. 
Low speed manoeuvring 
The BiC training was designed to improve the performance while parking, reversing 
and manoeuvring at low speed.  Four claims types which represented 5% of all 
claims were included in the category.  Claims with the four incident descriptions of 
“Handbrake insufficiently applied: hit TP property”, “Handbrake insufficiently 
applied: hit TP vehicle”, “Reversing: Client vehicle reversed into TP”, “Whilst 
parking/ manoeuvring".  These were anticipated to measure training effectiveness as 
these manoeuvres were targeted by the training programme.   
5.6.2 Claims by intervention 
This section contains summary statistics for the number of drivers and claims made 
before and after training, and by those who were never trained.  The data are 
summarised in Table 5-9 with the upper panel (a) referring to those drivers who had 
under taken the TP or SaFED training, while the lower panel contains a summary for 
those taking the BiC training.  Summaries are given of all claims and subsets of 
claims relevant to the type of training, i.e. ‘Driving’ or ‘Low speed manoeuvring’.  
Statistics are displayed by drivers’ training status (before, after and untrained), 
which correspond to those depicted in Figure 6-1, and also a composite of all 
drivers.  The data consisted of 58,861 drivers who had exposure of over one month 
and had attended only one training course.  The claim rate per driver per year was 
used as a measure of risk.  There was a 40% reduction in the claim rate following TP 
or SaFED training (0.644 v. 0.384).  If only ‘Driving’ claims were included the 
before and after training claim rates were 0.333 and 0.146, a reduction of 56%.  BiC 
training also reduced all claim types by 50% and low speed manoeuvring claims by 
61%. 
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Table 5-9 Summary of drivers, claims and claim rates for employees by training intervention  
a. Turning Point or SaFED training only b. Back in Control training only 
a. Turning point or SaFED training 
          
     
‘Driving' claims only All claims 
 Drivers 
 Training 
status Drivers 
Total 
Exposure 
Mean 
Exp 
Total 
Claims 
Mean 
Claims 
Var 
Claims 
Claim 
Rate 
Cha-
nge 
Total 
Claims 
Mean 
Claims 
Var 
Claims 
Claim 
Rate 
Cha-
nge 
All All drivers 60,781 343,525 5.65 26,583  0.44 0.78 0.077 
 
76,087  1.25 3.37 0.221 
 
 
Untrained 55,207 326,429 5.91 22,677  0.41 0.75 0.069 
 
67,435  1.22 3.34 0.207 
 
 
Before 2,787 6,846 2.46 2,361  0.85 1.26 0.345 
-56% 
4,570  1.64 3.88 0.668 
-40% 
 
After 2,787 10,250 3.68 1,545  0.55 0.81 0.151 4,082  1.46 3.21 0.398 
Exposure  All drivers 58,861 338,582 5.75 25,570  0.43 0.77 0.076 
 
73,360  1.25 3.29 0.217 
 >1 month Untrained 53,855 323,136 6.00 22,145  0.41 0.74 0.069 
 
65,803  1.22 3.27 0.204 
 Only 1  Before 2,484 6,255 2.52 2,084  0.84 1.24 0.333 
-56% 
4,028  1.62 3.80 0.644 
-40% 
course After 2,522 9,191 3.64 1,341  0.53 0.76 0.146 3,529  1.4 3.04 0.384 
               b. Back in control training 
          
     
Low speed manoeuvring claims only  All claims 
Drivers 
 Training 
status Drivers 
Total 
Exposure 
Mean 
Exp 
Total 
Claims 
Mean 
Claims 
Var 
Claims 
Claim 
Rate 
Chan
ge 
Total 
Claims 
Mean 
Claims 
Var 
Claims 
Claim 
Rate 
Cha-
nge 
All All drivers 59,871 343,713 5.74 4,432 0.07 0.08 0.013 
 
76,214  1.27 3.37 0.222 
 
 
Untrained 56,179 331,942 5.91 3,494 0.06 0.07 0.011 
 
67,125  1.19 3.07 0.202 
 
 
Before 1,846 7,255 3.93 758 0.41 0.38 0.104 
-62% 
6,937  3.76 7.00 0.956 
-50% 
  After 1,846 4,515 2.45 180 0.10 0.11 0.040 2,152  1.17 2.45 0.477 
Exposure  All drivers 58,032 338,583 5.83 4,258 0.07 0.08 0.013 
 
73,361  1.26 3.29 0.217 
  > 1 month Untrained 54,720 328,046 5.99 3,423 0.06 0.07 0.010 
 
65,369  1.19 3.02 0.199 
 Only 1 Before 1,656 6,539 3.95 674 0.41 0.38 0.103 
-61% 
 6,129  3.7 7.04 0.937 
-50% 
 course After 1,656 3,998 2.41 161 0.10 0.11 0.040 1,863  1.12 2.37 0.466 
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Clearly there has been a marked reduction in claims especially in those for which the 
training had been focused.  Several problems can be identified with this simplistic 
analysis.  The driver exposures were measured over different timeframes, so the 
background risks could have been lowered by other initiatives from the company or 
government.  The training itself may have contributed little or nothing to the 
observed improvements as there was likely to be a regression to the mean effect.  
This would occur if a trained driver had surpassed a threshold number of claims 
purely by chance and their subsequent claim improvement would have happened 
even without being trained.  It should be noted that despite a marked claim rate 
improvement following training, it did not reach to the level of untrained drivers.  
This indicates that drivers who were trained are likely to represent a risker sub-
population of drivers with less collision involvement.  For example, the claim rate 
by those having undertaken TP or SaFED training was still twice that of untrained 
drivers and four times for BiC trainees.   
Further analysis will be presented in Chapter 6 using models in an attempt to remove 
confounding effects, overcome temporal changes and regression to the mean. 
5.7 Data quality 
The exploration process uncovered a discrepancy in vehicle type between that 
involved in the incident and that declared in the driver profile.  Cross tabulation of 
the two sources of vehicle type is displayed in Table 5-10 and indicates close 
agreement for LCVs but lower for the cars and for HGVs.  Drivers declaring 
themselves as HGV drivers made 21% of their claims for incidents involving LCVs, 
5% ‘other’ (these mostly involved trailers) and 0.3% cars.  Car drivers made 15% of 
their claims in regard to LCVs.  The vehicle type declared in the claim data was 
used in subsequent analysis. 
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Table 5-10 Cross tabulation of the vehicle types involved in claims 
  Vehicle type from claims 
 
  Car LCV HGV Other Total 
V
eh
ic
le
 
ty
p
e 
fr
o
m
 
D
ri
v
er
s Car 82.1 15.2 0.6 2.1 30655 
LCV 0.7 95.4 3.2 0.7 54083 
HGV 0.3 21.3 73.5 4.9 2594 
NA 55.1 36.7 4.6 3.7 21019 
 
Total 37126 64550 4751 1924 108351 
 
A number of checks were carried out to assess the credibility of the responses to the 
online survey by searching for the number of unlikely responses, e.g. selecting the 
first response for each question on a page.  A number of employees gave the same 
responses to all safety features for yes no, and don’t know with 4%, 3% and 4% 
respectively.  Further checks for unusual response patterns include those for the 
risky journeys (driving on dirt roads, out of country, a minibus or towing a trailer) 
where the unlikely all yes responses were given by just 57 employees. 
Forty of the 58,382 employees gave the same response for all driving style questions 
including 17 people who ticked the first choice “Always”.  It is unlikely that these 
are genuine, thoughtful responses to the questions; however, no other regular 
patterns of responses were identified.  Together these checks indicated few 
malicious or misleading responses were given by respondents. 
5.8 Summary 
The company has provided a wide range of data including claims, driver, vehicles, 
journeys, HR and vehicle asset details.  Much of the driver related information is 
self-reported so may be unreliable although some data can be supported by other 
sources.  The age and relevance of these data are primary concerns.  Table 5-6 
indicates that much of the ‘explanatory’ data were gathered on a continuous basis 
from 2005.  The claims data has been restricted to that from claims handler three but 
the relevance of driver, vehicle or journey information gathered in 2005 to events in 
2012 could be questioned.  While the data may have been relevant at the time of its 
collection an individual’s situation is likely to change over time.  Employees who 
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were very young at the start of the period will be more mature at the end; employees 
will have changed job roles and vehicles, not to mention opinions and skills.  If 
management is a factor in claim risk then it is likely that there have been many 
changes in the supervisor and manager over the 13 years of the study. 
Despite these issues, the rich dataset provides an opportunity to investigate the effect 
of interventions on claims.  In broad terms, there has been a significant drop in 
claims on a continuous basis across all claim types over and above that on the UK 
road network (Figure 5-1).  The challenge of the following chapters is to determine 
how these changes can be linked to company initiatives either overall or using a 
subset of the data.   
Having described the data, the next chapter will describe the first study which 
evaluated the impacts of two driver training programmes on overall incidents, and 
on the specific incident types against which they were directed. 
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6 Driver training evaluation 
6.1 Introduction 
The impacts of driver and supervisor training have been investigated in this thesis.  
In this chapter the effect of two driver training courses on the frequency of vehicle 
related claims have been examined using the accident frequency models described in 
the methodology chapter (Chapter 4).  The model estimation results and findings 
related to driver training are presented.  The results on the effect of supervisor 
training on claim frequency are presented in the next chapter. 
This chapter is organised as follows: first, driver training courses for forward facing 
and low speed manoeuvring are evaluated based on before-after descriptive statistics 
using claims made by company drivers since January 2005.  This is followed by 
fitting a negative binomial model to compensate for other risk factors which may 
influence the effectiveness of training courses.  Next the impacts of the training 
interventions are corrected for the effects of regression to the mean and background 
trends.  Finally a summary of the results and findings are provided. 
6.2 Modelling data 
This section describes how the data were configured for later analysis.  Simple 
descriptive statistics of driver claim rates before and after training from Chapter 5 
(section 5.3) provides a reference point for more complex approaches.   
6.2.1 Joining data for modelling 
The modelling dataset was driver based, in which each row represented one driver 
for one time period corresponding to before training, after training or whether the 
driver was untrained.  Each row contained variables for number of claims, to be used 
as the dependent variable, and driver characteristics.  Four datasets were created, one 
each to test the hypotheses that each of two training coursed had an impact on two 
claim types.   
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The construction of the datasets is now described.  Drivers were divided into those 
who were trained and those who were not.  For trained drivers the pre and post-
training exposure periods were identified and relevant claims within those windows 
were selected and aggregated separately.  The total claims for the two periods were 
next joined to the driver data.  Claims for untrained drivers were summed for their 
single exposure periods and merged with their characteristics to the single record.   
The aggregation process is illustrated in Figure 6-1 for one trained driver with two 
claims, and for a second driver who had never been trained and had made three 
claims.  The aggregated dataset comprised of three records to represent the before 
and after training periods for driver one and a single period for driver two which 
covered the period from January 2005.  The temporal information on the individual 
claims was lost.  A separate variable (year) represented the time in years from 1
st
 
January 2005 to the midpoint of each period.  This variable was used to control for 
other changes in safety in addition to that achieved by training.  The exposure times 
for each driver were the years between either the start or end dates of the period, and 
the training dates.  Periods of less than one month were discarded.  Drivers who had 
been trained more than once were also excluded from the analysis.  Consequentially 
approximately 10% of trained drivers were excluded from this analysis.  A separate 
analysis would be needed to compare different combinations of training courses on 
the number of recorded claims.   
A categorical variable indicating the training status of each period was added to each 
record.  Pre-training periods took the value of zero and represented the reference 
level.  Post-training periods took the value of one and periods for drivers who were 
never trained took a value of two.  After fitting the models to the data, the resulting 
coefficients of the training status variable represented the change in claim rate 
following training and the claim rate of those who were not trained compared to 
drivers before training. 
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Figure 6-1 Timelines for driver claims 
upper – occurrence of claims over time for two drivers 
lower – exposures and year for trained and untrained exposure periods, 
aggregation for trained and untrained drivers 
In this study the drivers were randomly sampled to represent the before or after 
periods, but with a relevant RTM adjustment as described in Chapter 4 (Section 
4.5.1)  
6.3 Model building and variable selection 
This section details how the models were built and explains how the effectiveness of 
the interventions were calculated.  These models control for other risk factors and 
give insight into their influences on claim risk. 
Models were built on a 70% subset of observations selected at random with the 
remaining 30% used as a hold-out sample for model evaluation (Chatfield, 1995).  
Contained in Table 6-1 is an overview of the data on drivers and claims for the data 
and subsets.  The means, variances and claim rates were consistent between the 
samples.  Over-dispersion of the claims data is apparent as the variances are almost 
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three times greater than the means for each group.  The similarity of these statistics 
supported the use of the holdout data set for evaluation.   
Table 6-1 Overview of driver and claim statistics for the modelling datasets 
    
 
All 
data 
Build 
sample 
Evaluation 
sample 
Drivers 57 147 39 903 17 244 
Total exposure (years) 343 725 239 813 103 912 
Mean exposure (years) 6.01 6.01 6.03 
Claims (All types)    
Total  76 063 52 785 23 278 
Mean  1.33 1.32 1.35 
Variance 3.52 3.48 3.61 
Rate (/year) 0.221 0.220 0.224 
The following strategy was employed to select variables for the negative binomial 
(NB) models.  A base model was fitted to the build data using only the two variables 
of year, and training intervention, with the exposure time in years as an offset 
variable.  A set of models were fitted using the two base variables with each of the 
remaining candidate variables.  The effects of the parameters on model fit was 
assessed by a range of fit statistics (Hilbe, 2011), such as the likelihood ratio test, the 
Bayesian Information Criterion (BIC), Akaiki’s Information Criterion (AIC) and 
prediction accuracy using the build and evaluation samples.  After the first iteration 
the variable that made the largest change in the AIC was added to the base model. 
Iteration continued until all variables that made a significant contribution to the 
model resulted in a list of variables sorted from those with the largest to those with 
the smallest contribution.  After each iteration, 21 parameters and fit statistics were 
calculated using the build and evaluation samples, these are described in Table 6-2.  
Variable selection based on the AIC, BIC and likelihood ratios were compared but 
they made little difference to the order in which variables were selected so the AIC 
was used for all models.  Almost all variables made a significant difference to the 
model fit and were statistically significant (p-value less than 0.05).   
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Table 6-2 List of model parameters and fit statistics 
Parameter or statistic Sample1 Description 
model_df b Degrees of freedom in the model 
n b&e Number of observations 
Theta b Negative binomial dispersion parameter 
BTraining b Coefficient of training intervention 
pBTraining b p-value for the parameter BTraining  
Byear b Coefficient of year 
pByear b p-value for the parameter Byear  
LogLik b Log likelihood for the fitted model 
BIC_build b Bayesian information criterion for the model 
AIC_build b Akaike information criterion for the model 
LR_base b Change in the LogLik compared to base model 
p_LR_base b p-value of the change in the LogLik value 
kappa (κ) 
 
 
b&e Inter rater reliability comparing observed and 
predicted numbers of claims taking chance 
agreements into account 
p_kappa b&e p-value for kappa 
pct_actual_claims b&e Actual % of drivers making at least one claim 
pct_predicted_claims b&e Predicted % of drivers naming at least one claim 
pct_predicted_correct b&e Prediction accuracy (0 claims v. 1 or more claims) 
1
b – available for the build sample only 
 b&e  – available for both build and evaluation samples 
  
The aim of this work was to assess organisational interventions to improve work-
related road safety, so the coefficient of the training intervention was of foremost 
interest.  Other parameters gave insights into the influence of different factors on 
claim behaviour.  For the purposes of this study the values of the other model 
parameters were seen as relatively unimportant, although the results are reviewed 
against published results later in section 6.3.1 (page 118).  
The next sections summarises the statistical models used to determine the impacts of 
training courses on driver claims. 
6.3.1 Turning Point and Safe and Fuel Efficient Driving training 
Both Turning Point, and Safe and Fuel Efficient Driving (TP or SaFED) defensive 
driving courses were combined in this analysis as they contained similar material.  
Therefore the final model did not distinguish between the effectiveness of the two 
programmes.  Two outcomes were used for the evaluation; the first looked at the 
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impact of training on ‘driving’ related claims against which the training was 
targeted, while the second outcome used all claim types to see if there had been an 
overall improvement in safety performance.  The null hypothesis of no training 
effect was tested using the statistical significance of the model parameter.  If this 
was rejected then there was evidence for the alternative hypotheses. 
Initial TP or SaFED assessment using driving claims  
Summarised in Table 6-3 are the iterations in building models for ‘driving’ claims 
that included TP and SaFED training.  Each row displays the model coefficients of 
training and trend, and the model fit after the addition of the variable indicated and 
does not include any compensation for regression to the mean.  This initial 
assessment excludes compensation for the effects of trend and RTM which are 
included in section 6.4 below.  The description of the driving undertaken made the 
biggest impact on model fit statistic.  Therefore it was the first to be added to the 
base model (BTraining and Byear only) and appears on first row of the table.  The table 
contains results from the build and independent evaluation datasets.  The objective 
of this process was not to build the most complex model but to observe the 
consistency in the coefficients of training as complexity increases from the smallest 
to the largest model.  Separate build and evaluation datasets were used to check for 
over-fitting of the models.  Three of the values in the table (BTraining, Byear and kappa) 
are also plotted in the upper panel of Figure 6-2 which graphically demonstrates the 
changes in these important parameters.  The horizontal axis represents increasing 
complexity of the model beginning at the left with a three variable model of training, 
trend and the description of the driving undertaken.  The extreme right of the 
horizontal axis represents a model containing all available variables, the last of 
which to be added was the drivers’ score in the knowledge section of the driver 
profile.  The chart represents the change in the parameters or the predictive power of 
the graph as the parameters are added one by one.   
All models suggest that training had a statistically significant effect on claims as 
indicated by their p-values.  The greatest reduction in claims was by a factor of 51% 
[= 1-exp(-0.71)] with a model having 23 degrees of freedom, while the smallest 
reduction was by 44% after gender was added to the model (d.f. = 25).  The final 
and most complex model indicated a reduction in claims of 46%.  In summary, these 
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results meant that the number of ‘driving’ related claims almost halved following TP 
or SaFED training.  The value of the coefficients changed when the variables 
representing gender and defensive driving were added to the models as indicated in 
Figure 6-2 by a discontinuity in the curve.   
The models also included a parameter Byear to represent background safety 
improvement measures.  Once gender had been included into the model these 
background factors appear to have a significant effect and represent a 7% annual 
reduction in claims.   
A comparison of the measures of model fit between the build and evaluation sets are 
given Table 6-3.  The inter-rater reliability values (kappa) for the two samples are in 
close agreement which indicates that the models were not over-fitted despite the 
large number of parameters involved.  The kappa values obtained from the build 
data rise from 0.17 for the simplest model to reach 0.22 after 13 parameters were 
added (d.f. = 48) and did not change thereafter.  Although kappa was small, with the 
maximum possible value being 1.0, the level of agreement between the observed and 
predicted claim counts suggests that models had some useful predictive value.  Over 
prediction of drivers making claims is a weakness of these models and this is 
indicated in columns eight and 11 of the summary table.  This indicates the fraction 
of drivers that made at least one claim varied between 56.9% for the simplest model 
and 42.6% for the most complex model, or between 57.4% and 43.4% using the 
evaluation data.  As the models became more complex the prediction tended towards 
that of the observed claim rate of 28.5%.   
The percentage correct values contained in Table 6-3 compare the observed and 
predicted claim behaviour and is the fraction of those drivers correctly predicted to 
not make a claim or correctly predicted to make at least one claim.  The best models 
correctly categorised only 67.8% and 67.4% of drivers in the build and evaluation 
samples respectively.  This model only improved the prediction accuracy by a 
further four percent above that achieved by assuming no one had made a claim, 
given that 71.5% of drivers had not made a claim.  These negative views of the 
model should be seen in the context of its purpose of training evaluation rather than 
creating the most accurate predictions of driver behaviour.   
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Table 6-3 Summary of models for TP and SaFED interventions evaluation using 
‘driving’ claims only 
 Parameters Build data Evaluation data 
Variable d.f. B
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
pro_d2_driving_desc. 9 -0.66 0.00 -0.02 0.00 0.17 56.9 59.5 0.17 57.4 59.0 
vehicle_type. 14 -0.68 0.00 -0.01 0.03 0.19 51.3 62.9 0.20 52.0 62.6 
WMileGrp. 19 -0.68 0.00 -0.01 0.02 0.21 45.4 65.4 0.20 46.2 64.8 
pro_v2_work_vehicle_age. 23 -0.71 0.00  0.00 0.80 0.21 49.4 64.4 0.21 50.4 64.0 
Gender 25 -0.56 0.00 -0.07 0.00 0.22 47.2 65.7 0.21 48.2 65.1 
pro_j2_drive_dirt_roads. 26 -0.57 0.00 -0.06 0.00 0.21 43.6 66.6 0.21 44.4 65.9 
pro_v3_feat_cruise. 28 -0.56 0.00 -0.07 0.00 0.21 43.4 66.5 0.21 44.1 66.0 
pro_j1_perc_motorway 29 -0.56 0.00 -0.07 0.00 0.21 44.6 66.3 0.22 45.5 66.1 
pro_d3_defensive_training. 30 -0.61 0.00 -0.06 0.00 0.21 44.3 66.4 0.21 45.1 66.0 
StyleFactor2 31 -0.62 0.00 -0.06 0.00 0.21 44.3 66.5 0.21 44.8 66.0 
pro_v2_curnt_wk_veh_mile. 40 -0.62 0.00 -0.06 0.00 0.21 44.1 66.6 0.21 44.8 66.0 
pro_v3_airbags. 45 -0.62 0.00 -0.06 0.00 0.21 44.2 66.6 0.21 45.0 66.1 
pro_j1_miles_private. 48 -0.61 0.00 -0.06 0.00 0.22 44.2 66.7 0.21 45.0 66.0 
pro_d1_policy 49 -0.62 0.00 -0.06 0.00 0.22 44.2 66.7 0.21 45.0 66.1 
pro_j1_perc_country 50 -0.61 0.00 -0.06 0.00 0.22 44.2 66.8 0.22 45.0 66.4 
pro_d3_years_worked. 52 -0.62 0.00 -0.06 0.00 0.22 43.3 67.3 0.22 44.1 67.0 
pro_j1_hours_working. 57 -0.62 0.00 -0.06 0.00 0.22 43.3 67.3 0.22 44.0 67.2 
pro_v2_main_responsibility. 61 -0.64 0.00 -0.06 0.00 0.22 43.2 67.5 0.22 43.8 67.2 
pro_v3_feat_auto_main_alert. 63 -0.63 0.00 -0.06 0.00 0.22 43.0 67.5 0.22 43.7 67.1 
rr_behav_score 64 -0.63 0.00 -0.06 0.00 0.22 42.9 67.6 0.22 43.6 67.1 
pro_j1_hours_driving_work. 68 -0.62 0.00 -0.07 0.00 0.22 42.9 67.5 0.22 43.4 67.3 
pro_v3_feat_auto. 70 -0.62 0.00 -0.07 0.00 0.22 42.9 67.7 0.22 43.4 67.3 
pro_d3_safety_culture_rating. 72 -0.62 0.00 -0.07 0.00 0.22 42.9 67.6 0.22 43.4 67.3 
pro_v3_feat_traction. 74 -0.61 0.00 -0.07 0.00 0.22 42.8 67.6 0.22 43.3 67.4 
pro_d1_lic_check. 75 -0.62 0.00 -0.07 0.00 0.22 42.9 67.7 0.22 43.3 67.4 
pro_d1_12_6am. 76 -0.62 0.00 -0.07 0.00 0.22 42.8 67.7 0.22 43.4 67.5 
StyleFactor1 77 -0.63 0.00 -0.07 0.00 0.22 42.8 67.7 0.23 43.4 67.5 
pro_v2_serviced_man_guide. 78 -0.63 0.00 -0.07 0.00 0.22 42.8 67.7 0.23 43.4 67.5 
pro_v3_feat_brake_assist. 80 -0.62 0.00 -0.07 0.00 0.22 42.8 67.7 0.23 43.4 67.5 
pro_d2_personality. 84 -0.62 0.00 -0.07 0.00 0.22 42.7 67.7 0.22 43.5 67.4 
pro_j2_desc_working_hours. 86 -0.62 0.00 -0.07 0.00 0.22 42.7 67.8 0.22 43.4 67.4 
pro_d3_age. 89 -0.62 0.00 -0.07 0.00 0.22 42.7 67.8 0.22 43.4 67.4 
pro_v3_feat_abs. 91 -0.62 0.00 -0.07 0.00 0.22 42.7 67.7 0.23 43.4 67.6 
pro_d3_abs. 92 -0.62 0.00 -0.07 0.00 0.22 42.6 67.8 0.22 43.4 67.5 
pro_j2_drive_minibus. 93 -0.62 0.00 -0.07 0.00 0.22 42.6 67.8 0.22 43.4 67.5 
pro_d3_mobile_phone. 94 -0.62 0.00 -0.07 0.00 0.22 42.6 67.8 0.23 43.4 67.5 
rr_know_score 95 -0.62 0.00 -0.07 0.00 0.22 42.6 67.8 0.22 43.4 67.5 
            
1
 All estimates for kappa were statistically significant.  
2
 In both the build and evaluation datasets 28.5% of the drivers had made at least one claim  
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Figure 6-2 Coefficients of BTraining, Byear & kappa by complexity in TP or SaFED  
   upper – model for ‘driving’ claims  
   lower – model for all claims 
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The three measures of model fit; kappa, percent of drivers making a claim, and the 
percentage correctly predicted were found to be strongly correlated (|r| > 0.89).  Of 
the three measures only kappa compared the mismatch between the observed and 
predicted number of claims.  Although kappa is not as intuitive as other statistics it 
provided a measure of agreement between the two claim performances.  The 
behaviour of the kappa statistic is given in Table 6-3 where it can be seen to rise 
almost monotonically with most of the improvement occurring after the first few 
parameters were added.  There were no sudden changes in the values for kappa 
when gender or years worked were added to the model, as was evident for the 
variables of training and year.   
The complete negative binomial model, built on all the data rather than a sample, for 
‘driving’ claims incorporating the TP or SaFED training are shown in Table 6-4.  
The frequency of observations in each category indicated a minimum group size of 
664 drivers.  Only 12 of the 95 model parameters were not significant at the 5% 
significance level and only the final variable of knowledge score was not significant.  
This could have been dropped had the model been refined.  The dispersion 
parameter was statistically significant with a value of 1.46 indicating that the NB 
model was appropriate.  McFadden’s R-squared was 0.089 which is small but 
similar to that reported in other studies (Jones et al., 2003). 
Comparisons to literature 
In this section the effects of risk factors for claim risk included in the final model for 
forward facing claims incorporating the TP or SaFED training is discussed.  The 
results are compared to those found in the literature review of Chapter 2.  Each of 
these areas are worthy of further study.  Since the aim of this study was to evaluate 
interventions, further investigations have not been carried out. 
Age – Relative claim risks declined with age and were 41% greater for 17-20 year 
olds, 14% greater for 20-25year olds, and 11% lower for those over 60 relative to 
the 25-60 year old group.  This is in agreement with a published study on truck 
drivers (Rodríguez et al., 2003), rather than exhibiting the bathtub curve suggested 
by (Pratt, 2003).  Precise knowledge of all drivers at risk may account for the 
differences with other reports which looked at total counts (Boufous et al., 2009) or 
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injury severity (Stuckey et al., 2010).  This model included both driving experience 
and age which were associated (Cramer’s V = 0.69) confirming the finding of Lynn 
et al. (1998). 
Distractions – The 10% of drivers who admitted to using a mobile phone while 
driving were 3% more likely to make a claim than those who did not.  This risk is 
lower than that reported (OR = 3.8, Redelmeier et al., 1997) but the risk in the 
current study refers to an average risk rather than the risk at the time the distraction 
occurred. 
Fatigue – McKenna (2008) reported drivers on night shifts more likely to report 
driving while tired and having collisions.  There was no information on the 
prevalence of fatigue or sleepiness but some possible proxies did exist.  12% of 
drivers reported working variable hours.  These had a 7% greater relative risk of 
making a claim, while the 5% reporting unpredictable shift patterns had an increased 
relative claim risk of 3%.  The 1% of drivers who stated they drove at night (12 to 
6 am) had a 7% lower relative risk of claiming, compared to other drivers, in 
possible contradiction to the findings of McKenna.  No further investigation as to 
whether the claims made by these drivers occurred when fatigue may have been a 
problem.  Descriptive statistics displayed in Figure 5-2 indicated that the claim rate 
was a little greater during the morning commute than in the evening when drivers 
may have been more tired.  
Personality – Drivers who reported themselves to be mature and those self-reported 
as reliable, had respectively 3% lower and 3% greater relative risks of making a 
claim.  Other categories of driver personalities including aggression were not 
significant.  An earlier report on this data indicated increased claim risk by those 
who were aggressive, impulsive, irresponsible and uncertain, although that dataset 
was less comprehensive.  Other studies have indicated no dependency of collisions 
on personality (Cartwright et al., 1996; Clarke et al., 2009; Dimmer et al., 1999) 
although there were associations with safety attitude of management (Newnam et 
al., 2008).   
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Vehicle characteristics / Ownership – Employees with older vehicles were less 
likely to make claims.  85% of vehicles over 10 years old were privately owned cars 
therefore indirectly supporting the literature (Grayson, 1999; Stuckey et al., 2010) 
Maintenance – There was a 2% increase in relative claim risk for drivers who 
believed that their manager was responsible for understanding the maintenance 
schedule of the vehicle rather than themselves.  This issue had not been researched 
previously. 
Safety culture – Drivers who believed that BT had a worse safety culture than their 
previous employer reported a 1% lower relative claim risk.  The report by BOMEL 
strongly supported the importance of culture in safety but only through qualitative 
means.  Extensive research into safety climate (often self-reported) has recognised 
the importance with work-related road safety (Newnam et al., 2008; Strahan et al., 
2008; Wills et al., 2006) although strong evidence for it to be an independent 
variable in collision models has not been found (Wills et al., 2009).  
Business sector – Although not strictly comparable with published literature the 
analysis has given some insight into the claim risk of some worker groups.  When 
compared to technical and delivery drivers, those who were in sales, management or 
marketing roles had 25% greater risk of making a claim, while senior managers and 
professional drivers had respectively 12% and 24% lower relative risks of making a 
claim.  The value for senior managers supports the finding of Lynn et al. (1998) 
whereas the values for other groups have not been reported in this manner. 
Miles driven – Relative claim risk was found to increase monotonically with work 
mileage driven as reported by Lynn et al. (1998).  The relative risk was 35% greater 
for those driving 5-10,000 miles and 62% greater for those driving 25,000 miles or 
more compared to those driving fewer than 5,000 miles.  Relative claim risk was 
found to decrease with private mileage, supporting finding that the fraction of work 
mileage to total mileage was important (Broughton et al., 2003).   
Journey type – The preponderance of collisions during commuting (Boufous et al., 
2006) could not be verified as the analysis was driver rather than claim focused.  
Although a peak in the numbers of claims during commuting hours was observed 
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(Figure 5-2), this may have indicated risk from other drivers, rather than that the 
company driver was commuting at the time of the incident.   
 
Table 6-4 Model for ‘driving claims’ with TP or SaFED driver training 
Variable 
Estimate 
(B) 
Std. 
Error 
z 
value 
Pr 
(>|z|) 
RR = 
exp(B) 
Freq 
(Intercept) 1.02 0.05 20.5 0.00 
 
 year -0.07 0.01 -11.1 0.00 93.2 
 Training status (ref. = Before) 
  
 
2,484 
Untrained -0.65 0.02 -35.7 0.00 52.2 53,855 
After -0.62 0.03 -23.3 0.00 53.8 2,522 
Driver factors   
Driver_age. (ref. = 25 to 60) 
 
54,306 
17 to 20 0.34 0.043 8.0 0.00 140.5 700 
20 to 25 0.13 0.018 7.1 0.00 113.9 2,567 
60+ -0.11 0.022 -5.1 0.00 89.6 1,288 
Gender (ref. = Male) 
   
 
43,572 
Female 0.12 0.01 8.5 0.00 112.7 4,884 
n/a -0.28 0.01 -24.2 0.00 75.6 10,405 
License_checked_in_last_12mths. (ref. = yes) 
  
 
50,943 
no -0.12 0.01 -9.1 0.00 88.7 7,918 
Aware_of_safety_policy (ref. = yes) 
 
57,296 
no -0.35 0.028 -12.5 0.00 70.5 1,565 
Drive_between_12_&_6am. (ref. = no) 
  
 
58,173 
yes -0.07 0.01 -10.5 0.00 93.2 688 
Driver_personality self_reported. (ref. = Patient) 
 
23,279 
Mature -0.029 0.008 -3.9 0.00 97.0 17,698 
Reliable 0.034 0.009 3.8 0.00 103.0 10,548 
Structured 0.010 0.010 1.0 0.31 101.0 6,658 
Aggr/Imp/Unc/Irr
1
 0.036 0.029 1.2 0.21 104.1 678 
Reason_for_driving (ref. = Technical + Delivery) 
 
32,332 
Occasion <2k -0.90 0.02 -49.9 0.00 40.7 9,049 
Occasion >2k -0.56 0.02 -35.7 0.00 57.1 8,881 
Sales, management, marketing 0.22 0.01 14.6 0.00 124.6 6,292 
Senior manager -0.13 0.03 -4.4 0.00 87.8 1,064 
Driver -0.27 0.02 -10.9 0.00 76.3 1,243 
Knowledge_score -0.0002 0.0003 -0.6 0.58 100.0 
 Behaviour_score -0.0040 0.0003 -12.3 0.00 100.0 
 Years_worked_at_this_employer. (ref. = 4+yrs) 
 
50,692 
0-1 yr -0.51 0.04 -13.8 0.00 60.0 2,947 
1-4 yrs 0.07 0.01 4.8 0.00 107.3 5,222 
1
 Aggressive/Impulsive/Uncertain/Irresponsible 
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Table 6-4 (continued) 
Variable 
Estimate 
(B) 
Std. 
Error 
z 
value 
Pr 
(>|z|) 
RR = 
exp(B) 
Freq 
Defensive_training_in_last_3yrs (ref. = no) 
 
48,636 
yes 0.12 0.008 15.0 0.00 112.7 10,225 
Trained_in_ABS_use. (ref. = no) 
 
39,340 
yes 0.025 0.0007 3.6 0.00 103.0 19,521 
Use_mobile_phone_while_driving. (ref. = no) 
 
51,604 
yes 0.03 0.01 2.9 0.00 103.0 7,257 
Company_safety_culture_rating v last_employer. (ref. = Good) 
 
42,741 
Same/poor -0.01 0.01 -0.6 0.55 99.0 5,765 
Don't know -0.09 0.01 -9.6 0.00 91.4 10,355 
StyleFactor1 -0.039 0.004 -9.3 0.00 96.1 
 StyleFactor2 0.068 0.004 17.1 0.00 107.3 
 Journey factors   
Hours_driving_for_work. (ref. = 0to2) 
 
38,916 
2 to 4 0.09 0.01 12.2 0.00 109.4 16,406 
4 to 6 0.11 0.02 7.3 0.00 111.6 2,174 
6 to 8 0.19 0.03 7.6 0.00 120.9 701 
8+ 0.18 0.03 6.8 0.00 119.7 664 
Hours_working. (ref. = 6to8) 
 
25,882 
0 to 2 0.106 0.018 6.0 0.00 111.6 2,048 
2 to4 0.088 0.013 6.7 0.00 109.4 2,854 
4 to6 0.065 0.008 8.4 0.00 106.2 13,112 
8 to 10 0.004 0.009 0.5 0.62 100.0 13,782 
10+ 0.006 0.025 0.2 0.82 101.0 1,183 
Work_mileage (ref. = <5k) 
  
 
28,074 
5+ to 10k 0.3 0.01 33.3 0.00 135.0 15,973 
10+ to 15k 0.33 0.01 31.5 0.00 139.1 8,873 
15+ to 20k 0.38 0.01 27.3 0.00 146.2 3,569 
20+ to 25k 0.44 0.02 22.0 0.00 155.3 1,320 
25k+ 0.48 0.02 20.7 0.00 161.6 1,052 
Private_mileage. (ref. = <5k) 
 
24,495 
5+ to 10k -0.108 0.007 -16.1 0.00 89.6 25,086 
10+ to 20k -0.054 0.010 -5.4 0.00 95.1 8,354 
20k+ -0.150 0.028 -5.3 0.00 86.1 926 
%_motorway_driving -0.0047 0.0002 -23.4 0.00 99.5 
 %_driving_country_roads -0.0026 0.0002 -16.0 0.00 99.7 
 Drive_on_dirt_roads (ref. = no) 
 
44,117 
yes 0.15 0.01 20.8 0.00 116.2 14,744 
Ever_drive_a_minibus (ref. = no) 
 
39,340 
yes -0.064 0.016 -4.0 0 94.2 19,521 
Description_of_working_hours. (ref. = Constant) 
 
46,705 
Unpredictable 0.019 0.013 1.5 0.13 102.0 3,750 
Variable 0.065 0.009 7.5 0.00 107.3 8,406 
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Table 6-4 (continued) 
Variable 
Estimate 
(B) 
Std. 
Error 
z 
value 
Pr 
(>|z|) 
RR = 
exp(B) 
Freq 
Vehicle_type (ref. = LCV) 
  
 
27,723 
Car large -0.42 0.021 -20.2 0.00 65.7 3,907 
Car med -0.49 0.015 -33.7 0.00 61.3 15,033 
Car small -0.62 0.015 -41.8 0.00 53.8 8,422 
Other 0.29 0.015 18.9 0.00 133.6 1,838 
SUV+ -0.49 0.023 -21.7 0.00 61.3 1,938 
Current_work_vehicle_mileage. (ref. = <5k) 
 
10,168 
5+to 10k 0.033 0.013 2.5 0.01 103.0 7,861 
10+to 15k 0.133 0.014 9.3 0.00 113.9 6,241 
15+to 20k 0.156 0.015 10.5 0.00 117.4 5,670 
20+to 25k 0.203 0.015 13.2 0.00 122.1 5,076 
25+to 30k 0.207 0.016 13.0 0.00 123.4 4,338 
30+to 40k 0.207 0.015 13.6 0.00 123.4 6,378 
40+to 50k 0.232 0.017 13.3 0.00 125.9 3,887 
50+to 100k 0.173 0.017 10.1 0.00 118.5 7,209 
Over 100k 0.075 0.029 2.6 0.01 108.3 2,033 
Work_vehicle_age (ref. = 1-5 yrs) 
 
38,559 
0-1 yr -0.001 0.012 -0.1 0.92 100.0 10,367 
5-8 yrs -0.35 0.013 -26.1 0.00 70.5 6,317 
8-10 yrs -0.87 0.030 -29.3 0.00 41.9 2,126 
10+ yrs -0.94 0.040 -23.5 0.00 39.1 1,492 
Main_responsibility_for_maintenance. (ref. = You, the driver) 
 
44,847 
Manager/fleet mgr 0.02 0.01 3.1 0.00 102.0 12,459 
Don't know -0.33 0.03 -11.6 0.00 71.9 1,555 
Vehicle_has_automatic_transmission. (ref. = no) 
 
48,210 
yes -0.18 0.01 -13.6 0.00 83.5 6,430 
Don't know 0.02 0.02 1.5 0.14 102.0 4,221 
Vehicle_has_ABS. (ref. = yes) 
 
46,221 
no -0.02 0.01 -1.7 0.1 98.0 5,397 
Don't know -0.05 0.01 -4.1 0.00 95.1 7,243 
Vehicle_has_brake_assistance. (ref. = no) 
 
24,531 
yes 0.07 0.01 7.5 0.00 107.3 15,119 
Don't know -0.01 0.01 -0.6 0.55 99.0 19,211 
Vehicle_has_traction_control. (ref. = yes) 
 
16,943 
no -0.06 0.01 -5.9 0.00 94.2 29,373 
Don't know 0.04 0.01 3.2 0.00 104.1 12,545 
Vehicle_has_auto_maintenance_alert. (ref. = yes) 
 
31,950 
no -0.06 0.01 -7.9 0.00 94.2 15,746 
Don't know -0.01 0.01 -1.2 0.24 99.0 11,165 
Cruise_control_fitted (ref. = no) 
 
42,678 
yes 0.24 0.01 19 0.00 127.1 10,975 
Don't know -0.07 0.02 -4.4 0.00 93.2 5,208 
Vehicle_serviced_to_manufactures_guidelines. (ref. = yes) 
 
58,173 
no -0.4 0.05 -8.0 0.00 67.0 688 
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Table 6-4 (continued) 
Variable 
Estimate 
(B) 
Std. 
Error 
z 
value 
Pr 
(>|z|) 
RR = 
exp(B) 
Freq 
Number_of_airbags. (ref. = 1-2) 
 
36,440 
0 0.25 0.02 12.2 0.00 128.4 1,365 
3-4 0.11 0.01 8.5 0.00 111.6 7,197 
5-6 0.09 0.02 5.2 0.00 109.4 3,875 
>6 -0.07 0.02 -3.2 0.00 93.2 2,458 
Don't know -0.04 0.01 -3.3 0.00 96.1 7,526 
 
    Null deviance: 315101 on 58860 degrees of freedom 
Residual deviance: 255031 on 58768 degrees of freedom 
AIC: 561360 
Number of Fisher Scoring iterations: 1 
              Theta:  1.4627  
          Std. Err.:  0.0169 Null model 
 
2 x log-likelihood: -561171.689 
 
Null model 
2 x log-likelihood: -616258.246 
McFadden’s Rsq = 0.089 
Initial TP or SaFED assessment using all claims  
This initial assessment used the same procedure as that for ‘driving’ claims above 
does not include compensation for the effects of trend and RTM which are described 
below in section 6.4.  The trend plots of the coefficients of training and year, and the 
value of kappa are displayed in the lower panel of Figure 6-2 and summarise this 
process.  TP or SaFED training reduced all claims by 11.1%, although its impact 
was indicated as being as large as 18% in one of the models fitted as part of 
selection process.  This is much smaller than the reduction seen in driving claims 
following the training programme.  Before correcting for RTM, this result infers that 
the intervention was successful in improving the targeted behaviours.  Other 
unspecified programmes appeared to have reduced the number of claims by 8.8% 
annually, a value similar to that achieved for ‘driving’ claims.  Both the coefficients 
of training and year changed markedly after the addition of variables gender and 
years worked.  This was especially true when gender was added to the model such 
that the coefficient of training became close to zero and non-significant.  The 
coefficient remained near zero while the next nine parameters were added to the 
model.  Following the addition of years worked, its value became significant and the 
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effectiveness of the training remained largely fixed for the remaining models.  The 
predictive power of the model measured by kappa has a maximum value of 0.11 
which compares unfavourably to that for the ‘driving’ claims model described 
above.   
6.3.2 Back in Control training 
The effectiveness of the Back in Control (BiC) training programme used the same 
methods used in the evaluation of the TP or SaFED training.  The individual 
iteration steps in the model fitting procedure are not shown for the BiC training but 
pertinent results have been displayed as trend plots and in summaries. 
Initial BiC assessment using low speed manoeuvring claims 
A plot of the coefficients representing the training intervention (BTraining), trend 
(Byear), and the kappa statistic for the claims’ models are displayed in the upper 
panel of Figure 6-3.  This initial analysis does not include compensation for the 
impacts of trend or RTM on the value of BiC training. 
The BiC training was effective at reducing low speed claims by an estimated 73%.  
Background programmes were found to have had almost no effect on such claims as 
indicated by the coefficient of year being close to zero.  The initial coefficient of 
year was positive (Byear = 0.073) and significant, indicating that there would have 
been an increasing trend in the targeted claims without the training intervention.  
Both the coefficients of training and year became noticeably closer to zero after the 
addition of the gender and age variables.  The predictive accuracies of the models 
were poor with the kappa value calculated on the evaluation data of only 0.09, 
although this was statistically significant.  Only 6.8% of the drivers made low speed 
manoeuvring claims and the models predicted a claim rate of just 1.4%.  Clearly the 
models were poor at identifying drivers at risk.   
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Figure 6-3 Coefficients of BTraining, Byear & kappa by complexity of the BiC model  
   upper – model for low speed manoeuvring claims 
   lower – model for all claims 
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Initial BiC assessment using all claims 
The key parameters from this evaluation are shown in the lower panel of Figure 6-3.  
The final model had an estimated coefficient of training of -0.74 representing a 
reduction in claims of 52% following the training intervention.  The estimate for the 
coefficient of trend had a value of 0.10 corresponding to a 9% annual claim 
reduction.  There were obvious changes to the parameter values when the variables 
for gender and the number of years worked were added to the model.  The minimum 
and maximum values implied that training reduced all claims by between 46% and 
55% which indicated consistency amongst all model estimates.  This model is also 
low as it predicted that 77.5% of drivers will make at least one claim compared to 
the 51.3% who actually claimed.  The kappa statistic reaches the maximum of only 
0.15.  While this value is better than that of the previous model for ‘low speed 
manoeuvring claims’ it is not outstanding.  This initial analysis of BiC training does 
not compensate for the effects of trends and RTM which are included below in 
section 6.4.   
6.3.3 Summary of models 
The results of the interventions based on training specific claims and all claims are 
summarised in Table 6-5.  The table summarises the results displayed in the trend 
charts of Figure 6-2 and Figure 6-3.  It contains values for the coefficient of training 
(BTrain) and the relative risk (RR) of a driver making a claim for a trained driver after 
training compared to before training.  This value is an average measure of the 
effectiveness of the training.  The next value in the table is the coefficient of year in 
the model (Byear) and indicates the impact of background changes.  The inter-rater 
reliability values (kappa) give measures of the model’s forecast accuracy for the two 
data samples used, however, kappa based on the evaluation data sample is likely to 
be more appropriate.  The final column in the table is the forecast accuracy based on 
whether or not the driver was forecast to make a claim regardless of the number of 
claims made. 
The modelling exercise indicated that both training programmes were effective in 
reducing the claims for which they were relevant, and also reduced the total number 
of claims.  The BiC training was the more successful intervention, since it resulted 
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in a 73% reduction in targeted claims (low speed manoeuvring) compared to the 
46% reduction in ‘driving’ claims targeted by forward facing training (TP or 
SaFED).  It must be remembered, however, that ‘driving’ claims were far more 
prevalent than those for low speed manoeuvring (respectively 28% and 1.4% of all 
claims).  In addition, the average cost of low speed manoeuvring claims was 23% 
lower than that for driving claims.  Therefore the absolute impact on claims of TP or 
SaFED training was greater than that of BiC training.   
Table 6-5 Summary of fit statistics for claim models with interventions using the 
build and evaluation samples 
Training 
intervention 
Claim 
types Statistic BTrain 
RR
1
 
exp(B) Byear 
kappa 
build
2
 
kappa 
eval
2
 
(ICC, 
r) 
% correct 
prediction
3
 
TP or 'Driving’  mean -0.62 0.54 -0.06 0.22 0.22 66.4 
SaFED claims min. -0.71 0.49 -0.07 0.08 0.08 59.0 
  
max. -0.56 0.57 0.00 0.22 0.23 67.6 
  
initial -0.68 0.51 -0.01 
4
 (0.26,  59.0 
 
 final -0.62 0.54 -0.07  0.28) 67.5 
 All  mean -0.09 0.91 -0.10 0.13 0.13 65.6 
 claims min. -0.20 0.82 -0.14 0.08 0.08 60.1 
  max. 0.01 1.01 -0.04 0.14 0.14 66.5 
  initial -0.15 0.86 -0.06 
4
 (0.28,  60.1 
   final -0.12 0.89 -0.09  0.34) 66.5 
BiC Low speed mean -1.35 0.26 0.02 0.09 0.09 92.9 
 
manoeuv- min. -1.52 0.22 -0.01 0.08 0.08 92.7 
 
ring max. -1.31 0.27 0.10 0.11 0.10 93.0 
 
claims initial -1.46 0.23 0.07 0.10 0.08 92.9 
 
  
final -1.31 0.27 0.00 0.09 0.09 
(0.09, 
0.15) 
92.9 
 All  mean -0.72 0.49 -0.10 0.14 0.14 66.8 
 claims min. -0.80 0.45 -0.13 0.09 0.09 61.5 
  max. -0.63 0.53 -0.05 0.15 0.15 67.6 
  initial -0.76 0.47 -0.07 
4
 (0.39,  61.5 
   final -0.74 0.48 -0.10  0.42) 67.5 
1
 RR – relative risk 
2
 Accuracy was based on the build or used evaluation samples 
3
 Binary, claim versus no claim (not based on number of claims) 
4
 For kappa, min = initial, max = final 
The research also established that both training programmes reduced the overall 
claim rates.  BiC training resulted in a 52% reduction in the total clams made by 
trained drivers while the TP or SaFED training resulted in an 11% reduction in such 
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claims.  This generalisation effect has been reported (Ludwig et al., 2000) but the 
size of the effect of the BiC training on all outcomes is surprising. 
The trend values uncovered by this analysis were also of interest.  The estimated 
trend derived from the coefficient of year in the model for low speed manoeuvring 
claims was close to zero.  This implied that there were no other programmes or 
effects that affected these claim types.  The same was not true for all claim types for 
which trend effects of 9.4% and 8.8% per annum were estimated.  It is likely that 
other actions taken by the company or outside agencies or an effect of vehicle or 
societal changes were responsible for these improvements.   
Claim predictions 
The above analysis indicated that the models poorly predicted claims for individual 
drivers despite providing a useful estimate for the impact of training.  Analysis is 
presented in this section to shed light on the issue and to investigate a possible 
alternative. 
The observed and predicted numbers of claims made by individual drivers have been 
compared with the cross tabulation displayed in Table 6-6.  The predicted numbers 
of claims were for drivers in the evaluation data set using the final model which 
included the TP or SaFED intervention.  The resulting prediction accuracy was 67% 
on the basis of claim versus no claim, and 60% using counts on the leading diagonal.  
Other measures of association between the observed and predicted claims gave 
Cohen’s kappa as 0.22, while the Pearson correlation coefficient was 0.28, both of 
which are small but statistically significant at the 5% significance level.  It should be 
noted that there was a preponderance of zeros in the data.  72% of drivers made no 
claims while the model only predicted 57% would make no claims.  There was a 
disparity between the observed and predicted drivers with only one claim, 19% of 
drivers made one claim compared to a prediction of 41%.  The number of zeros in 
the observed distribution appeared to be an inflated compared to that predicted. 
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Table 6-6 Cross tabulation of observed and predicted ‘driving’ claims for the 
evaluation dataset following forward facing training 
  
Predicted claims per driver per year (mean = 0.46) 
  
0 1 2 3 4 Total % 
O
b
se
rv
ed
 c
la
im
s 
p
er
 d
ri
v
er
 
(m
ea
n
 =
 0
.4
3
) 
0 8,409 3,972 173 33 1 12,588 72% 
1 1,124 2,098 75 14 2 3,313 19% 
2 310 785 42 5 1 1,143 6% 
3 89 271 17 0 0 377 2% 
4 17 90 6 1 0 114 1% 
5 8 40 4 0 0 52 0% 
6 1 11 0 0 0 12 0% 
7 1 2 0 0 0 3 0% 
8 0 1 0 0 0 1 0% 
11 0 1 0 0 0 1 0% 
Total 9,959 7,271 317 53 4 17,604 
 % 57% 41% 2% 0% 0% 
  
The large number of zero values indicated that alternates such as the hurdle or zero 
inflated negative binomial (ZINB) models may better represent zeros in the 
distribution.  Lord et al. (2005) cautioned against the use of these models unless 
there was a clear two state process in operation.  It could be argued that the collision 
and reporting behaviours of the drivers could be the two separate processes 
underlying this distribution.  The hurdle and ZINB models have parameters for both 
the count and zero portions of the model.  These more complex models were 
investigated to determine if they can better reproduce the observed distribution, but 
even with double the number of model parameters there was little improvement in 
the fit statistics.  These shortcomings in the alternatives, in addition to the ease of 
use and simplicity of interpretation further justified the choice of the negative 
binominal regression models.   
6.4 Corrections to observed claims 
As indicated in Chapter 4, the observed means of claims must be corrected for RTM 
and the background trends.  These corrections are displayed in Table 6-7 for the four 
final models.   
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Table 6-7 Correction of intervention effects for RTM and other factors for TP or 
SaFED (forward facing) and Back in Control training initiatives 
Training course TP or SaFED BiC 
Claim type ‘Driving’ All 
Low speed 
manoeuvring  All 
  
 
% of 
claims 
 
% of 
claims 
 
% of 
claims 
 
% of 
claims 
RTM effect         
Dispersion parameter 1.41  0.81  1.62  1.62  
Observed claim rate-
Before (/year) (𝑋𝐵̅̅̅̅ ) 0.33 
 
0.67   0.099 
 
0.96   
Before claim rate 
adjusted for RTM 
(𝑀𝐵̅̅ ̅̅ ) 0.25 
(RTM 
26%) 0.57 
(RTM 
14%) 0.059 
(RTM 
40%) 0.74 
(RTM 
22%) 
Trend effect         
Average time since 
Jan 2005 (years)         
Before training 2.9 
 
2.9   3.7 
 
3.5   
After training 6.0 
 
5.9   6.9 
 
6.6   
Δyear -3.1   -3.1   -3.2   -3.2   
Coefficient of year in 
NB model (Byear)  -0.070 
 
-0.092   -0.070 
 
-0.100   
exp(Byear * Δyear) 0.81 
 
0.75   0.81 
 
0.73   
Before claim rate 
adjusted for RTM 
& trend 0.20 
(Trend 
14%) 0.43 
(Trend 
21%) 0.048 
(Trend 
12%) 0.54 
(Trend 
21%) 
Observed claim rate-
After 0.15 
 
0.40 
 
0.040 
 
0.48 
 Training effect  
(claims per year) -0.054 19% -0.035 5% -0.008 8% -0.063 7% 
The correction for the background claims trend is shown in the second section of 
Table 6-7.  The mean years (since 2005) for both the periods before and after 
training for each driver were calculated from the driver histories.  The difference in 
these values is used with the estimated coefficient of years to determine how the 
number of claims would have reduced assuming the drivers improved on average in 
line with background trends.  The improvement rate is identical for all drivers since 
no interactions were included in the fixed-effects models. 
Following TP or SaFED training, the before-after statistics indicated that ‘driving’ 
claims were reduced from 0.333 per year to 0.146 per year.  After allowing for RTM 
the before training claim rate was reduced to 0.25 clams per year.  This figure was 
further adjusted to account for the background trend using a factor of 0.81 
[= exp(-0.07 * 3.1)] resulting in an adjustment to the before training claim rate of 
0.20 claims per year.  The overall reduction in claims could be apportioned as 
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follows; 29% of the observed claims reduction was associated with the training 
while 45% of the reduction was attributed to RTM and 26% from the background 
safety improvements.   
The TP or SaFED training was also assessed by its impact on all claim types which 
declined from 0.67 to 0.40 per year.  Similar analysis to that for “driving” claims 
indicated that an even smaller fraction of the observed improvement was associated 
with the training (13%).  TP or SaFED training was responsible for a reduction of 
0.054 ‘driving’ claims per year and 0.035 total claims per year, thus implying that 
the training had a greater effect on the targeted response than on general claims.  
Since the targeted claims were a subset of all claims then this implies little cross 
over to other claims types.  
The impact of BiC training was eight times greater on all claims (0.96-0.48 = 0.48 
claims per year) than on the specific low speed manoeuvring for which it was 
targeted (0.099-0.040 = 0.059 claims per year).  Perhaps this is unsurprising, 
however, given the small number of low speed manoeuvring claims.  Corrections for 
RTM and trend were applied to the BiC training and similarly large RTM effects 
were apparent.  When controlling for RTM and background trend BiC reduced 
specific claims by 0.008 claims per year and all claims by 0.063 per year.  In both 
cases the training effects also represented 13% of the observed improvement.   
RTM accounted for the greatest proportion of the improvements for three of the four 
assessments.  The exception was the reduction in ‘all claims’ after TP or SaFED 
training for which 67% was associated with the trend.   
In addition to the investigation on training, the following effects were observed.  
Drivers undergoing the BiC training reported the highest rate of observed before 
training collision rate (0.96) despite the intervention being targeted specifically at 
low speed manoeuvring.  No reason was found for this observation but it suggests 
some selection bias for those receiving BiC training.  The trend rate for the models 
were very similar (-0.10 to -0.07) which is unsurprising since the samples were 
drawn from the same population and any background improvement programmes 
acted on all drivers.   
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Weaknesses in this model 
The TP or SaFED, and BiC interventions were evaluated individually and excluded 
other training interventions.  The estimates of the intervention effects were explicitly 
calculated, while the trend values estimated the effect of other interventions and 
background safety initiatives, but excluded any other training course.  The effect on 
drivers who take both courses was not evaluated and any driver having taken a 
training course twice was excluded.  So it is unknown if drivers who took both 
courses would experience a benefit equal to the sum of those that were estimated.  A 
more complete approach would have been to combine the two interventions into a 
single model and explicitly include other training courses.  This would have 
increased the complexity of the model and increased estimation errors.   
The two outcomes on which each evaluation was based were not independent since 
the specific claim types were a subset of all claim types.  The analysis of the TP or 
SaFED training demonstrated that the specific effect was a little larger than the 
general effect (0.054 v 0.035).  This implied the training had increased some claim 
types by a small amount (0.019).  The difference was small so could have been 
within measurement errors, however, the effect of training on outcomes 
complementary to the specific claims would be insightful. 
Other modifications to the model would include a random effects parameter for the 
intervention as its effect could vary by driver.  In addition the impact of training may 
dissipate with time so a model incorporating a time varying component such as an 
exponential would be a possible solution.  
6.5 Effect of training on costs of claims 
Analysis of the costs revealed that not only were there fewer claims following driver 
training (TP or SaFED and BiC) but also the costs of the claims were reduced.  The 
TP or SaFED training reduced the average cost of all claims by 17% (£1,176 versus 
£981) and the cost of claims related to driving forward were reduced by 12% 
(£1,577 versus £1,393).  For both outcomes a Mann-Whitney W test indicated that 
the change was significant at the 95% significance level.  There was no evidence for 
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a change in the costs of either all or low speed manoeuvring claims following BiC 
training.  The means were lower by 15% for all claims (£1,118 versus £946) and 1% 
lower for low speed claims (£1,010 versus £999) but in neither case were the tests 
significant at the 95% significance level.  This could indicate that the collisions in 
which drivers were involved were less severe, although no correlation between 
accident cost and severity has been established. 
6.6 Summary 
This chapter presented estimates and findings from three approaches to the 
evaluation of driver training in a work-related setting by using driver claims.  The 
first approach was a simple before-after comparison using descriptive statistics; next 
a negative binomial regression model was fitted to the data to estimate the training 
effect as a model parameter while controlling for other factors including the effect of 
background safety improvement; finally a predictive model was used in an 
Empirical Bayes (EB) approach to remove regression to the mean and background 
safety improvements using output from the NB model  
The results of the investigations into the two training courses using before-after 
descriptive statistics are contained in Table 6-8, however, this method ignored many 
confounding effects.  Empirical Bayes adjusted the before training claim rate to 
account for RTM and the effect of background safety improvements.  The value for 
the claim rate change presented for the NB model used the pre-training claim rate 
values from the descriptive statistics.   
The analysis demonstrated that the two types of driver training courses were 
associated with a reduced number of claims made by drivers.  Not only was there a 
reduction in the number of the claim types that were targeted by the courses but 
there was also a reduction in claims overall.  The training effect was in addition to 
other changes that influenced claims over the period of the analysis.  . 
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Table 6-8 Summary of claim rate changes with training  
   Analysis method 
Training 
course Claim type 
Claim Rate 
Statistic 
Descriptive 
Statistics NB model 
RTM &  
trend 
TP or 
SaFED 
‘Driving’ Before 0.333 
 
0.200 
 
After 0.146 
 
0.146 
  
Change -0.187 -0.037
1
 -0.054 
    % change -56% -11% -27% 
 
All Before 0.644 
 
0.433 
  
After 0.384 
 
0.398 
  
Change -0.260 -0.298
1
 -0.035 
    % change -40% -46% -8% 
BiC Low speed 
manoeuvring  
Before 0.103 
 
0.048 
 
After 0.040 
 
0.040 
 
Change -0.063 -0.054
1
 -0.008 
    % change -61% -52% -17% 
 
All Before 0.937 
 
0.539 
  
After 0.466 
 
0.477 
  
Change -0.471 -0.685
1
 -0.063 
    % change -50% -73% -12% 
1
 The NB model is multiplicative so the change in claims was based on the claim 
rate before training from the descriptive statistics 
 
TP or SaFED training had the greatest absolute effect on outcomes by reducing the 
number of targeted claims by 27%, which is equivalent to 54 claims annually per 
1,000 drivers.  At the same time this training reduced the total claims by 35 per 
1,000 drivers.  BiC training was effective in removing 17% of the targeted claims 
but this only amounted to eight claims per 1,000 drivers.  There appeared to have 
been a greater impact on all claim types with a reduction of 63 claims per 1,000 
drivers.  These results clearly demonstrate the success of the training in reducing 
some, but not all, targeted claims with response generalisation to other claim types 
(Ludwig et al., 2000).   
Perhaps the training resulted in drivers becoming safer drivers through general 
behaviour and attitude modification.  There remain many aspects of training left to 
study especially the impact of specific training and how the studies are 
implemented; these will be discussed in Chapter 9.  
The following chapter presents results of the effectiveness of supervisor training on 
drivers’ performance.   
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7 Manager training evaluation 
7.1 Introduction 
This chapter develops the previous work on the evaluation of road safety training 
but focuses on manager rather than driver training and includes the characteristics of 
managers in the claim models.  As discussed in Chapters 3 and 4 multilevel models 
(otherwise known as mixed-effects models) are suitable for hierarchical data and 
allow for unobserved heterogeneities such as those between managers.   
The chapter is organised as follows: the construction of the modelling dataset is 
described in section 7.3.1; this is followed by a simple analysis of the impact of 
training using descriptive statistics in section 7.3.2; next the results and findings on 
the impact of training courses obtained from multilevel models for car and van 
drivers’ claims, which controlled for other factors, are presented in section 7.6.  The 
use of these models to manager rankings based on the models are given in section 
7.7 and weakness and conclusions are given in sections 7.8 and 7.9.  
7.2 Manager training  
BT developed a work-related road safety management course which was attended by 
managers supervising more than 20 drivers and from 2007, attendance was extended 
to those with more than five drivers.  The effectiveness in terms of safety outcomes 
of this course is evaluated in this chapter.   
Course delivery took place over many sessions during four quarters of 2010 and 
2011, a period which represented a short time span compared to that of other 
available data.  The distribution of course attendees by quarter is displayed in Table 
7-1.  This indicated that 80% of the training occurred in the final quarter of 2010.  
The table also contains the number of managers trained and the number of staff 
reporting to those managers.  Of the 1,662 managers identified from the driver data, 
63% were present in the training records.  The subset of trained managers supervised 
14,946 employees who drove.  Not included in the total of trained managers were 
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621 employees who were known to have been trained but were never identified as a 
manager by any driver.  The untrained managers were used as control cases and are 
referred to as having undertaken simulated training. Untrained managers were 
assigned dates and these were used to define “before” and “after” training periods.   
The numbers of managers and drivers displayed in Table 7-1 indicated that 
managers receiving simulated training were almost four times as numerous as those 
receiving real training and moreover there were 25% more drivers supervised by 
such managers.   
Table 7-1 Number of managers trained by quarter 
Quarter 
All trained 
Managers 
Real training Simulated training 
Managers Drivers Managers Drivers 
2010 Q3 59 38 581 150 656 
2010 Q4 1,307 828 12,006 3,121 15,166 
2011 Q1 254 156 2,177 581 2,776 
2011 Q2 42 19 182 56 297 
Total 1,662 1,041 14,946 3,908 18,895 
7.3 Data and correlations 
7.3.1 Joining data for multilevel modelling 
The procedure for creating this dataset is similar to that described in Chapter 6 
(Section 6.2.1); however, there were two important differences.  First, although the 
training was given to managers, the outcomes were a result of their staff’s 
performance.  Second, control cases were used to incorporate the change in 
background safety instead of using a variable ‘year’ as these periods better 
represented the background safety during the before and after training periods. 
Drivers who were never named as a manager were selected from the data to ensure 
that these employees had no supervisory responsibility.  This resulted in 1,912 of the 
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expected 67,674
2
 observations being removed leaving 65,542 cases representing 
33,725 drivers and 4,949 managers.   
A set of earliest and latest employment dates for each employee were compiled from 
all data sources and an earliest date of July 2005 when the third handler began 
recording claims.  The record for each driver was split in two using the manager 
training date.  The data were constructed carefully to ensure that each driver had the 
same manager throughout the two periods; that the manager and driver were known 
to be in the company at the extremes of the timeframe; and had a minimum exposure 
period of 1¾ years.  If these criteria were not met the exposure times were adjusted 
or the period was rejected.  The completed dataset usually contained an entry for 
both the before and after training periods for each driver.  Those with trained 
managers used real training dates and those whose managers had not been trained 
were assigned a simulated training date which was drawn from a random sample of 
the recorded training dates.  The impact of simulated training was used to estimate 
the magnitude of background interventions.   
Claims that fell within the relevant drivers’ exposure windows were aggregated 
together.  Finally, the drivers’ and managers’ personal characteristics were added to 
each observation.  The manager factors were derived from the same source as those 
of the drivers, and include the number of car and van driving staff they supervised to 
give a sense of their managerial burden.   
Subsets of car and van drivers were selected from a database of all drivers with the 
aim of creating more homogeneous groups on which to build the claim models.  
Cars drivers used a range of vehicles including small, medium and large cars as well 
as SUVs used in a variety of business roles, whereas vans would typically be used 
by technical staff to carry tools and materials to customer sites.  Other vehicles 
types, including trucks, represented only 4% percent of drivers and 5.7% of claims, 
so were excluded from the analysis.   
                                                 
2
 2x(14,944+18,893) which produces a row for the before and after training periods of each driver 
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7.3.2 Claim rates by intervention 
The effect of manager training on safety was initially assessed using claim rates 
displayed in Table 7-2.  These were calculated for the four different driver training 
groups for the three vehicle categories (cars, vans and all).  The groups were defined 
by the type of training received (real or simulated) and whether the exposure period 
was before or after the training date.   
The claims of drivers supervised by managers who undertook real training were 
compared to those supervised by managers who received only simulated training 
(i.e. no training).  There were 8,640 claims over 28,407 person-years across all 
vehicle types giving a claim rate of 0.304 per year before the manager training, and 
0.247 per year after training.  The ratio of the claim rates indicated a 19% reduction 
in claim rate between the two periods and is greater than the rate associated with 
simulated training (16%).  The improvement in claims rate associated with training 
for all vehicles was 3.7% with improvements of 3.5% and 3.1% for car and van 
drivers (note that both rates of improvement were lower than the rate for all 
vehicles).   
Table 7-2 Summary statistics for claims, exposure times for periods before and after 
real and simulated manager training  
Vehicles Training 
Exposure 
Period
1
 
Claims 
Exposure 
(years) 
Claim 
rate 
Rate 
ratio 
Net 
Training 
benefit 
All Real Before 8,640 28,407 0.304 
0.813 
-3.7% 
 
 
After 7,191 29,083 0.247 
 Simulated Before 7,193 34,515 0.208 
0.844 
 
 
After 6,349 36,084 0.176 
Cars Real Before 722 4,501 0.160 
0.823 
-3.5% 
 
 
After 612 4,637 0.132 
 Simulated Before 2,308 19,018 0.121 
0.853 
 
 
After 2,040 19,711 0.103 
Vans Real Before 7,438 22,406 0.332 
0.808 
-3.1% 
 
 
After 6,154 22,931 0.268 
 Simulated Before 4,477 14,438 0.310 
0.834 
 
 
After 3,952 15,278 0.259 
1
 Exposure period was either before or after their manager’s training date 
Table 7-2 reiterates the preponderance of van drivers over car drivers but also 
indicates the lower claim rate for car drivers (0.16 & 0.121 v 0.332 & 0.310 claims 
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per year).  This analysis suggested that manager training improved driver safety 
performance over and above that observed from background effects.  The next 
section uses statistical modelling to better understand and control for the factors 
underlying this improvement. 
7.4 Model building 
This section begins with a description of the data used in the claim models.  
The dependent variable was the total number of claims involving each driver in 
periods of up to two years before and after the driver’s manager was trained.  A few 
drivers and managers reported large numbers of claims but none were excessively 
large. No observations were removed since none of the employees identified in 
Chapter 4 (Section 5.2) with extreme claim counts were contained in this dataset.  
The maximum claims reported by individual car and van drivers over the two years 
were 11 and seven respectively.  There were more claims per van driver but fewer 
who made extremely large numbers of claims.  There were a large number of claims 
per van manager which reflected both the higher van driver claim rates and the 
number of staff supervised (55% had more than 10 staff members).  406 of the 1,697 
van driver managers had staff who made a total of more than 10 claims compared to 
only 15 of the 4,108 car drivers’ managers.  Clearly the compositions of the car and 
van staff appear to be different. 
Making a claim was a comparatively rare event, especially since drivers have the 
‘opportunity’ to be involved in incidents many times each day.  The dependent 
variable (i.e. claims) is a positive integer with values of 0, 1, 2 etc. so could be 
expected to follow a Poisson distribution.  The data exhibited clear over-dispersion 
with the variances being in the range of two to three times that of the mean for the 
whole data and for subsets.  Therefore, multilevel negative binomial models were 
fitted since they are able to accommodate over-dispersion and are able to incorporate 
random parameters which are better at modelling possible heterogeneity.   
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7.4.1 Explanatory data 
There were a large number of possible explanatory factors for driver claims.  Some 
characteristics were combined using factor analysis to remove highly correlated 
responses using the method described in Chapter 3 (Section 3.4).   
The data were screened to understand correlations amongst variables since highly 
correlated variables would result in poorly estimated model parameters as discussed 
in Chapter 4.  The strongest associations between explanatory variables were the 
managers’ age group with years of driving (Cramérs V = 0.79), drivers’ age group 
with years of driving (V = 0.79) and between the vehicle features of traction control 
and brake assistance (V = 0.51).   
Tests revealed that all but three of the explanatory variables used in the models were 
statistically associated with the training period.  Despite the associations being 
statistically significant they were not strong, as they were less than 0.41 as 
determined by Cramer’s V or analysis of variation.  Vehicle type, driving 
description and work mileage group had association values of 0.41, 0.40 and 0.34 
respectively.  The three variables not associated with training status were; whether 
the employee ever drove a minibus, years of driving and the drivers’ pattern of 
working hours.   
7.4.2 Model fitting 
A two stage fitting process was used.  The first stage was to identify candidate 
variables for the car and van MLM models using negative binomial count models 
using the package MASS (Venables et al., 2002) in R (R Core Team, 2014).  The 
variables were selected with backward elimination based on Akaike’s Information 
Criterion (AIC).  This process identified 32 explanatory variables for car drivers and 
21 for van drivers.  In the second stage, these candidate variables were used in 
multilevel NB models using MLwiN (Rasbash et al., 2009) and then the models 
were refined guided by the p-values of the parameter estimates.   
A summary of five variables common to the final models for cars and vans is 
displayed in Table 7-3.  This table includes the associations of each variable with 
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vehicle type, and also the associations between each variable and driver claims for 
the car and van datasets.  Only the Training Period (after v. before) showed no 
association with vehicle type, a result which confirmed random assignment of cases.  
All ten associations of claims with these explanatory variables were significant for 
either cars or vans. 
Table 7-3 Summary statistics of common variables, their associations with 
vehicle type and associations with claims for car and van datasets 
 Cars Vans   Cars Vans 
Drivers in group (N) 11,591  18,273  
 
Claims per driver 0.24  0.57 
       
 
Column %, or  
mean & std. deviation  
Claims per vehicle type, or 
correlation with claims 
Variable   Cars  Vans  
Training type Cars Vans 
 
mean s.d. mean s.d. 
Simulated 80.9% 39.0% 
 
0.23 0.68 0.55 0.85 
Real 19.1% 61.0% 
 
0.30 0.72 0.58 0.87 
Chi-sq. =5027.6, p <0.01, Emin = 5187.7 
 
t= 4.5 p<0.01 t= 2.5 p= 0.01 
        Training period  Cars Vans 
 
mean s.d. mean s.d. 
Before training 50.0% 50.0% 
 
0.27 0.74 0.63 0.91 
After training 50.0% 50.0% 
 
0.21 0.62 0.50 0.81 
Chi-sq. = 0, p = 0.985, Emin = 5794.7 
 
t= 5.4 p<0.01 t= 10.6 p <.01 
        Mileage group Cars Vans 
 
mean s.d. mean s.d. 
<5k 74.4% 25.3% 
 
0.13 0.50 0.46 0.81 
5+ to 10k 12.1% 42.3% 
 
0.42 0.80 0.60 0.88 
10k+ 13.5% 32.4% 
 
0.69 1.11 0.60 0.88 
Chi-sq. =6979.5, p <0.01, Emin = 2906.7 
 
F= 549 p<0.01 F= 48.9 p <0.01 
        Defensive driving Cars Vans 
 
mean s.d. mean s.d. 
no 87.9% 79.0% 
 
0.22 0.66 0.55 0.85 
yes 12.1% 21.0% 
 
0.37 0.84 0.62 0.92 
Chi-sq. = 6979.5,  p <0.01, Emin = 2906.7 
 
t= 6.5 p<0.01 t= 4.1 p <0.01 
        Hours working Cars Vans 
 
mean s.d. mean s.d. 
0to6 hrs 13.0% 48.0% 
 
0.43 0.85 0.62 0.89 
6to8hrs 53.4% 38.7% 
 
0.19 0.60 0.54 0.85 
8+ hrs 33.6% 13.3% 
 
0.24 0.73 0.47 0.79 
Chi-sq. =4253.7, p <0.01, Emin = 2457.2 
 
F= 73. p<0.01 F= 32.8 p <0.01 
        Manager’s daily 
hours driving Cars Vans 
 
mean s.d. mean s.d. 
Less than 2 82.8% 55.4% 
 
0.21 0.65 0.54 0.85 
Greater than 2 17.2% 44.6% 
 
0.38 0.82 0.60 0.88 
Chi-sq. =2359, p <0.01, Emin = 3936.4 
 
t= 8.9 p<0.01 t= 4.1 p<0.01 
        
This comparison showed that on average, when compared to car drivers, van drivers: 
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 had managers who were more likely to be trained (61% v 19%) 
 had mean exposure times which were only slightly longer (1.991 v 1.989 
years) 
 drove further (74% v 25% drove over 5,000 miles) 
 were more likely to have received defensive driving training (20% v 12%) 
 worked fewer hours (48% v 13% worked 0-6 hours per day) 
 had slightly higher behaviour scores (82 v 83) 
 had managers who were more likely to drive over 2 hours per day (45% v 
17%) 
 had managers who supervised 13 more staff 
The table also indicated that there was no difference between the average length of 
exposure times (training period) before and after training (p = 0.985) which 
indicated that the random allocation of drivers had been successful.  The 
comparisons displayed in Table 7-3 also show associations between claims and each 
of the explanatory variables for car and van drivers.  Significant associations 
indicated that car drivers who made more claims were those who: 
 drove higher mileages (0.69 v 0.13; 0.42 claims per driver) 
 worked for only 0-6 hours per day (0.43 v 0.19; 0.24 per driver) 
 had managers who drove more than 2 hours per day (0.38 v 0.21 per driver) 
 were trained in defensive driving (0.37 v 0.22 per driver) 
Note that these associations are sorted by approximate significance level. 
A similar summary has been made for van drivers which showed that those who 
made more claims: 
 drove higher mileages (0.60 v 0.46 per driver).  The effect is much weaker 
than for cars and the highest and middle mileage groups had identical claim 
rates  
 worked for only 0-6 hours per day (0.62 v 0.54;  0.47 per driver) 
 were trained in defensive driving (0.62 v 0.55 per driver) 
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 had managers who drove for more than 2 hours per day (0.60 v 0.54 per 
driver) 
It was noteworthy that the associations with claims were stronger for car drivers 
than van drivers, perhaps reflecting the greater heterogeneity of car drivers, although 
the rank importance of the factors as determined by the F or t statistics were similar.  
These factors had been pre-selected as being common to both driver groups via the 
first stage of the modelling process.  The common factors have been investigated for 
their associations with driver claims.  The claim rate by van drivers increased 
progressively with mileage whereas claims by car drivers plateaued.  A result that 
was difficult to understand was that drivers with managers who drive over 2 hours 
per day were associated with higher claims for both car and van drivers.  For only 
car drivers, the behaviour score indicated that higher scores were associated with 
fewer claims.   
7.5 Model fit statistics 
This section reviews the overall fit of both the car and van claims’ models and 
verifies the correct choice of model.  
The model evaluation begins with the R-square statistic.  The model for claims by 
car drivers had a higher R-sq. than the model for claims by van drivers (41% and 
8.7%), as displayed in Table 7-4 and Table 7-5.  These values should be treated with 
caution as they are not equivalent to the fraction of the variation explained by a 
linear regression model.   
The model summaries indicated that over dispersion was present in the data and 
negative binomial models were appropriate.  The dispersion parameters (ν) were 
statistically significant with values of 1.42 and 0.411 for cars and vans respectively.  
A log likelihood test comparing equivalent Poisson regression models indicated that 
the over dispersion parameters contained in the NB models improved the fit for both 
models (ΔLL = 149.27, d.f. = 1, p = 0.000 & ΔLL = 44.9, d.f. = 1, p = 0.000, using 
the Chi-square distribution) 
Chapter 7: Manager training evaluation  145 
 
Additional NB models using the same explanatory variables with only fixed effects 
were also fitted to the data.  A likelihood ratio test which compared the mixed 
effects model for claims by car drivers to a model using fixed effects model was 
highly significant (ΔLL = 327.6, 30 d.f., p-value = 0.000).  The comparison of the 
mixed effects and fixed effects models for claims by van drivers also indicated a 
significant improvement in the model fit (ΔLL =  869.5, 1 d.f., p-value = 0.000).   
The contribution of managers to the claim totals were estimated by fitting a 
multilevel logistic regression model to the data.  This gave an indicative value for 
ICC of only 2.4% for the van claims using equation 4-10.  The ICC could not be 
calculated for the car model as the equation is not valid for random parameter 
models.  Given the similar nature of the parameters for the car model, the 
contribution of managers to the claims by car drivers could be expected to have a 
similar magnitude. 
Following the review of model fit statistics the next section discusses what can be 
learnt from these models that may be useful to work-related road safety. 
7.6 Modelling results  
This section presents the results of the statistical analysis.  Since the aim of this 
thesis is the evaluation of interventions, the impact of training is discussed first.  The 
influences of various risk factors on claims made by car and van drivers are 
described in Sections 7.6.2 and 7.6.3 while the models are presented in Table 7-4 
and Table 7-5 
The tables list the significant model risk factors, the parameter coefficient estimates, 
interpreted as a log of the claim risk, the t-statistic for the estimate, an indication of 
the significance of the estimate and the incident relative risk (IRR) where the IRR is 
determined from the exponential of the model coefficient (IRR = exp(Coefficient)).  
The IRR expresses the probability of an employee making a claim relative to that of 
an employee with the reference value of that characteristic, e.g. the probability of a 
female driver claiming compared to that of a male driver, given otherwise identical 
driver and manager characteristics.   
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7.6.1 Training impact 
The most significant study finding was that manager training could not be shown to 
have a significant effect on safety.  This was true for both either car or van drivers 
despite evidence to the contrary from descriptive statistics.  The descriptive statistics 
displayed in Table 7-2 indicate a reduction in claims of 3.1% and 3.5% following 
training and this effect will be verified using multilevel statistical models.  Key 
model parameters are shown graphically in the interaction plots of Figure 7-1 which 
summarise the first three lines in the model tables (Table 7-4 and Table 7-5).  In 
each panel the upper blue line represents the effect of real training on managers and 
the lower black line represents the observed change with untrained managers which 
were used as controls.  The values at ends of the lines indicate the relative claim 
rates before and after training such that the slopes represent the effect of training on 
the two groups.  The separations of the pairs of lines indicate any difference between 
the claim rates of the drivers supervised by trained and untrained managers.  The 
differences were greater for car drivers than for van drivers which reflect the 
descriptive statistics displayed in Table 7-2.  The table shows the claim rates for car 
drivers supervised by trained managers were 32% higher than the controls, and only 
7% higher for van drivers.  The underlying reason for this difference is worthy of 
further study. 
The effectiveness of the training intervention can be seen by comparing the slopes of 
the pairs of lines in Figure 7-1.  The similarities of the slopes indicate that for both 
vehicle types training had a similar impact on those who were trained and on drivers 
used as control cases.  In Table 7-2 this comparison is represented by the interaction 
term “Training Type x Training Period”.  Since this term was positive in both 
models (0.022 and 0.017) drivers’ managers who received real training had a 
slightly higher claim rate in the post-training period compared to the controls, 
contrary to what was expected.  These values were not significant and the incidence 
risk ratios were small (both were 1.02).  If training was effective this interaction 
should be negative and predict fewer claims for drivers with trained managers in the 
post-training period. 
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Figure 7-1 Interaction plots of the effects of training car and van drivers’ managers 
The next section describes the explanatory risk factors in the car and van drivers’ 
models in Table 7-4 and Table 7-5.  These models had five common risk factors 
which are marked with a “c”.  The fixed factor “Working 8+ hours” changed sign 
between the models, however, the estimate was insignificant in the car model where 
it was retained to accompany the estimate of the random parameter.  Further details 
of the retained risk factors are discussed in later sections. 
7.6.2 Models for claims by car drivers 
The model for car claims is displayed in Table 7-4 and contains two training factors 
(plus their interaction), 12 driver factors and four manager factors.  Five of the 
factors have random parameters of which one is common to the model for claims by 
van drivers (“Drives for work 2 hours daily”).  All variables have highly significant 
parameters except for that indicating working over eight hours per day.  Judgement 
and the previous literature review were used to confirm the influence of the risk 
factors.  The IRR was used to determine the influence of the factors on claim risk. 
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Discussion of the factors in the model begins with those related to drivers, then 
followed by those related to managers, one of which also appears in the van claim 
model.   
Car drivers’ fixed-effects parameters 
The most significant factor affecting claim risk was the distance driven annually.  
The model indicated increased claim risk for drivers in the annual mileage groups 
“5,000 to 10,000 miles”, and over 10,000 miles.  These had 110% and 179% greater 
claim risks compared to those driving fewer than 5,000 miles (t = 10.04 & 13.8).  
Claim risk is dependent on the distance driven, since drivers who drive further are 
more likely to be involved in collisions if the travel conditions remain similar.   
Those drivers stating they had received defensive driver training had a 32% greater 
relative claim risk than those who had not received this training (t = 3.9).  It is likely 
that this variable indicated that the driver had a large number of claims which 
triggered their training.  It was not clear from driver responses whether the training 
was undertaken at work or taken elsewhere.   
The effect of the number of hours worked per day was only significant for those 
with shorter days. The relative claim risk increased by 17% for those who worked 
six hours or less (t = 2.09), and only 9% if they worked more than eight hours (not 
statistically significant, t = 1.39).  This result could be interpreted as part time 
workers pose a greater claim risk than those working full time.  The actual hours 
worked may not necessarily be important but perhaps it is the roles they take or how 
they are managed that is important.  Drivers with higher behaviour scores from the 
online risk assessment were associated with lower claim risk.  A one percent 
increase in this score reduced relative claim risk by just over one per cent (t = 4.00).   
The remaining seven variables were only retained in the model for claims by car 
drivers.  In addition to the distance driven, the exposure time was very strongly 
associated with claims.  It had a very large value of the IRR (7.42, t = 2.68), 
however, the narrow range of exposures found in the data could cast doubt on the 
validity of this result.  Extrapolation of this risk to greater exposure times would be 
inadvisable given the narrow range of the modelling data (1¾ -2 years).   
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Female drivers had a 21% lower relative claim risk than men, which made them 
potentially safer drivers (t = 2.53).  Drivers working non-constant work patterns 
(i.e. variable or irregular) had a 22% greater relative claim risk than those who 
worked a constant shift pattern (t = 3.26).  Vehicle age was an important factor in 
claim risk, with both the youngest and oldest vehicles having 20% and 76% lower 
relative claim risk compared to those vehicles between two to four years old 
(t = 3.54 & 14.95).   
A driver’s view on who was responsible for safety while driving at work was 
associated with claim risk, although this was only at the 10% significance level.  
Drivers had a 17% greater relative claim risk if they stated that their managers were 
responsible for safety (t = 1.95) compared to those who believed they themselves 
were responsible.  Drivers who didn’t know who was responsible for safety were 
27% lower relative risk of making a claim (t = 1.65).  These results were retained 
because the category “Don’t Know” also had a significant random parameter despite 
the low confidence level of the result.  The drivers who stated they had cruise 
control had a 40% greater relative risk of claiming (t = 5.48) compared to those who 
stated there was no cruise control, whereas those who did not know if there was such 
a feature had a 31% lower relative claim risk (t = 3.63).  Finally drivers who stated 
that they make phone calls while driving had a 28% greater relative risk of 
claiming (t = 3.75).  Perhaps it was surprising that drivers admit to driving while 
distracted given the company’s overall efforts on-road safety. 
This model confirms small effect of training seen in the bivariate analysis in Figure 
7-1.  The extra factors confirmed some findings from the work-related road safety 
literature concerning attitude to risk.  The finding concerning cruise control was a 
previously unreported finding which perhaps indicates a certain driving style.  
Car drivers managers’ fixed-effects parameters 
Drivers with managers who drove over two hours each day for work had a 19% 
greater risk of making a claim (t = 2.37); this may indicate that the manager has 
some other job function in addition to managing.  Drivers with managers who were 
licensed for more than seven years had a 62% higher relative claim risk than those 
holding a license for a shorter period (t = 2.20).  Drivers whose managers’ working 
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days were six to eight hours had a 24% lower relative claim risk compared with 
those with managers who worked over eight hours (t = 4.30).  The risk for drivers 
whose managers worked up to six hours per day were no different to those with 
managers who worked over eight hours.   
The final managerial variable is the type of vehicle driven where those whose 
managers drove ‘Large cars, SUVs or Others’ had a 25% greater relative claim risk 
(t = 3.19).  Furthermore, drivers with managers who drove vans (LCVs) had a 45% 
greater relative risk (t = 2.98) when compared to managers who drove a medium 
sized car.  It is unclear why a car driver’s manager should drive a van.  Driving a 
van may indicate a new manager if managers labelled as such had been promoted 
subsequent to completing the questionnaire.  Other vehicle types such as SUVs or 
large cars could be a proxy for other factors such as personality or job role. 
Car claim models’ random effects parameters 
These parameters define the inhomogeneity of the groups.  It was found that only 
driver variables rather than manager variables had a random parameter.   
The six variables with random effects were the training period (before v after 
training), gender, working over eight hours per day, having cruise control and the 
manager license duration of more than seven years.  The nature of the random 
parameters implies that all observations do not share the same fixed value.  Instead 
they were assumed to be normally distributed, with the mean equal to the value of 
the fixed parameter, and standard deviation equal to the random parameter which is 
displayed in parentheses beside the appropriate coefficient in Table 7-4.   
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Table 7-4 Random parameter NB model for claims by car drivers 
 
Variables Coefficient
1 
t value
1
 IRR 
c Training Type (ref. = Simulated) 0.236 ** 2.51 1.27 
c Training Period (ref. = After ) -0.226 *** (0.941 ***) -3.59 (3.94) 0.80 
c Training Type x Training Period 0.022 0.17   1.02 
 
Driver factors 
   
 
Mileage group (ref. = <5k) 
   c 5+ to 10k 0.743 *** 10.04  2.10 
c > 10k 1.026 *** 13.86  2.79 
c Defensive driver training 0.281 *** 3.9  1.32 
 
Hours working (ref. = 7-8hrs) 
   c 0-6 hrs 0.157 ** 2.09  1.17 
c- 8+ hrs 0.086 (0.784 ***) 1.39 (2.56) 1.09 
c Behaviour score -0.012 *** -4.00  0.988 
 
Exposure (years) 2.004 *** 2.68  7.42 
 
Gender (ref. = Male) -0.23 ** (1.200 ***) -2.53 (3.38) 0.79 
 
Non-constant work pattern 0.199 *** 3.26  1.22 
 
Phone while driving 0.251 *** 3.75  1.29 
 
Responsibility for safety (ref. = Driver)   
 
Manager/fleet manager 0.156 * 1.95  1.17 
 
Don't know -0.311 * (1.748 ***) -1.65 (2.92) 0.73 
 
Vehicle age (ref. = 2-4 years) 
   
 
0-1 year -0.223 *** -3.54  0.80 
 
5+ years -1.435 *** -14.95  0.24 
 
Cruise control (ref. = No) 
   
 
Yes 0.345 *** (0.889 ***) 5.48 (3.28) 1.41 
 
Don't know -0.363 *** -3.63  0.70 
 
Manager factors 
   c Drives for work 2 hrs daily 0.173 ** 2.37  1.19 
 
Manager Licensed > 7 years 0.482 ** 2.20  1.62 
 
Manager Work hours (ref > 8 hrs) 
   
 
0-6 hrs -0.056 -0.58   0.95 
 
6-8 hrs -0.271 *** -4.30  0.76 
 
Manager’s Vehicle type (ref. = Car medium)   
 
LCV 0.375 *** 2.98  1.45 
 
Car large/ SUV/ Other 0.22*** 3.19  1.25 
 
Car small -0.05 -0.6   0.95 
 
σu0
2
 0.603 *** 4.28 
 
 
Dispersion parameter (ν) 1.393 *** 12.33  
 4108 managers, 11591 drivers 
 
Model NB Null  R
2 
Poisson 
 
-2*log likelihood:  16108.95 27459.04 41.3% 16258.22 
p < 0.1, ** p < 0.05, *** p < 0.01 
 
1
 Standard deviation and associated t values of random parameters in parentheses.  
c Parameter common to car and van models, c- changes sign but is not significant 
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Given the relative values of the estimated means and standard deviations it is clear 
that all observations will not share the same sign.  From the properties of the normal 
distribution the fraction of observations with the same sign has been calculated.  For 
car drivers, only 54% of drivers working over eight hours had increased claims, 58% 
of women made fewer claims than men. 67% of those with cruise control had more 
claims than those without.  Crucially only 60% of car drivers had fewer claims in the 
second period after real or simulated training.  This indicated that there was a large 
variation in claim performance.  57% of those who responded that they do not know 
who is responsible for safety had fewer claims than those who thought they were 
responsible. 
7.6.3 Models for claims by van drivers 
The model for van claims contained 13 driver and five manager variables with 
fixed-effects parameters.  There were no random parameters but the intercept 
included a random effect.  The smaller number of random effects parameters 
indicated the more homogeneous nature of this data, a likely consequence of the 
predominantly technical roles carried out by van drivers.   
Van drivers’ fixed-effects parameters 
Four variables were common to this and the model for car drivers.  The annual 
work mileage was an important factor with the relative claim risk increased by 27% 
and plateauing for mileage groups above 5,000 miles (t = 7.56 & 7.05).  This may 
indicate something about journeys involved with perhaps a switch to safer routes as 
greater distances were covered.  Van drivers who had been on a defensive driving 
course had a nine per cent increase in relative claim risk (t = 3.16), a value much 
lower than the car drivers.  This training may have been as a result of making a 
number of claims at work.  Those whose working daily hours are fewer than six, 
had a nine per cent higher relative risk (t = 3.31) compared to those working 7-8 
hours, and those working more than eight hours had an eight per cent lower relative 
risk (t = -2.20).  The pattern appears to suggest that part time workers have higher 
claim risks, as was also observed for car drivers.  As the behaviour score increased 
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by one percent there is a very small reduction in relative claim risk of 0.3% (t = -
3.10) which was similar to the model for car claims. 
The remaining ten driver variables were unique to the van driver claims model.   
If drivers felt that the safety culture at BT was the same or poorer than at their 
former employer, then the relative risk of making a claim was 12% greater 
(compared to a safety rating of “better”, t = 2.78).  For those who said they don’t 
know whether there was a difference in safety culture then the relative claim risk 
was six per cent lower than the reference “better” group, although this was only 
significant at the 10% level (t = 1.67).  The length of time for which the driving 
license was held had a major impact on claim risk.  Those who had only held a 
license for two years or less had a relative risk 126% greater (t = 8.64) than drivers 
holding a licence for over seven years.  While for those who had held a license for 2-
7 years, the relative claim risk was 36% greater (t = 6.65).  Driving for work over 
two hours each day increased the relative claim risk by 11% over those driving 
fewer hours (t = 2.41).  A five percent reduction in relative claim risk was found for 
those driving annual private mileages of 5,000 to 10,000 (t = -2.23) compared to 
those driving fewer than 5,000 miles, and for those driving over 10,000 miles the 
risk was 11% lower (t = -3.00).  It is unclear as to why private driving should 
influence work-related claims.  Increased percentage of driving on country roads 
and motorways reduced relative risk by 0.2 and 0.3% respectively for each 
percentage point increase (t = -2.78 & -3.86).  Driving on dirt roads increased 
relative claim risk by 12% (t = -2.23) although the distance driven on dirt roads is 
not known and it could be expected to vary widely.  Drivers who stated they had 
automatic transmission had 23% greater relative claim risk (t = 3.17).  Those who 
did not know about their transmission had a 12% greater relative risk when 
compared to those who stated they did not have automatic transmission (t = -1.91) 
although this was only significant at the 10% level.  Drivers who responded that 
their vehicles did not have automatic maintenance alert had seven percent lower 
relative claim risk than those who did have or didn’t know if they had the alert 
feature (t = -2.65).  The drivers who stated that their vehicle had brake assist had a 
nine percent increased relative claim risk compared to those who did not have or did 
not know they had the break assist feature (t = 2.49).   
Chapter 7: Manager training evaluation  154 
 
Van drivers managers’ fixed-effects parameters 
There were five variables with fixed-effects parameters, only one of which was 
common to both the car and van models.   
The common variable was those drivers whose managers drive two or more hours 
each day.  This was associated with an 11% greater relative claim risk (t = 3.74).  
The effect size is similar to that found in the model for car claims (19%). 
Each additional staff member supervised by a manager resulted in an increased 
relative claim risk of one per cent (t = 4.01).  The types of roads on which managers 
drive are also important; increased proportions of country and motorway driving 
were associated with 0.2% and 0.4% lower relative claim risk.  Although these 
effects sizes were very small they were highly significant (t = -3.74 &= 3.17).  It is 
not clear why these factors are important and is likely that they are indicators for 
another factor as was suggested by the association of the managers’ time spent 
driving. 
This modelling exercise has shown that while the mixed model has improved the 
model fit compared to the model with only fixed effects, there was no consequential 
large change in parameter coefficients.   
Random parameters 
There were no random parameters in the model for van drivers’ claims although the 
intercept had a random component.  Therefore this model was termed a random-
intercept NB model but not a random parameter NB model. 
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Table 7-5 Random effects NB model for claims by van drivers 
 
Variables Coefficient t value IRR 
c Training Type (ref. = Simulated) 0.0457   1.26  1.05 
c Training Period (ref. = After ) -0.267 *** -7.20  0.77 
c Training Type x Training Period 0.0173   0.37  1.02 
 Driver factors    
 
Mileage group (ref. = <5k) 
   c 5+ to 10k 0.238 *** 7.56  1.27 
c > 10k 0.248 *** 7.05  1.28 
c Defensive driver training 0.0884 *** 3.16  1.09 
 
Hours working (ref. = 7-8hrs) 
   c 0-6 hrs 0.0825 *** 3.31  1.09 
c- 8+ hrs -0.0854 ** -2.20  0.92 
c Man Behaviour score -0.00332 *** -3.10  0.997 
 
Rating of safety culture compared to previous (ref. = Better) 
 
 
Same or poorer 0.108 *** 2.78  1.11 
 
Don't know -0.0593 * -1.67  0.94 
 
License duration (ref. = >7 years) 
   
 
0-2 years 0.814 *** 8.64  2.26 
 
2-7 years 0.31 *** 6.65  1.36 
 
Drives for work daily 2+hrs 0.105 ** 2.41  1.11 
 
Private mileage (ref. = <5k) 
   
 
5+to 10k -0.0549 ** -2.23  0.95 
 
> 10k -0.122 *** -3  0.89 
 
% Country driving -0.0018 *** -2.78  0.998 
 
% Motorway driving -0.00327 *** -3.86  0.997 
 
Drives on dirt roads 0.112 *** 4.44  1.12 
 
Vehicle has automatic transmission (ref. = No) 
  
 
Yes 0.205 *** 3.17  1.23 
 
Don't know 0.113 * 1.91  1.12 
 
Vehicle has automatic maintenance alert (ref. = Yes) 
  
 
No -0.0695 *** -2.65  0.93 
 
Don't know -0.0409   -1.19  0.96 
 
Vehicle has brake assist (ref. = No) 
   
 
Yes 0.0851 ** 2.49  1.089 
 
Don't know 0.0103   0.37  1.010 
 
Manager factors 
   c Manager Drives over 2 hours daily 0.108 *** 3.74  1.11 
 
Manager gender (ref. = Male) -0.238 *** -3.05  0.79 
 
Number of staff 0.0128 *** 4.01  1.01 
 
Manager % Country driving -0.00249 *** -3.17  0.998 
 
Manager % Motorway driving -0.00435 *** -4.93  0.996 
 
σu0
2 0.082 *** 8.38  
 
 
Dispersion parameter (ν) 0.411 *** 17.27  
 1697managers, 18273drivers 
 
Model NB Null R
2 
Poisson 
 
-2*log likelihood:  43276.67 47394.11 8.7% 43321.04 
 p <0.1, ** p < 0.05, *** p < 0.01 
 
c / c- Parameter common to car and van models, c- changes sign but one is not 
significant
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7.7 Manager ranking 
A final outcome of this analysis is identification of managers whose performances 
stand out from their peers as being either exceptionally good or poor in terms of 
their staff’s claim history.  This judgement was based on the model residuals for 
each manager which indicated how much each manager differed from that expected.  
Large positive residuals identified managers who supervised drivers with more 
claims than expected and conversely large negative residuals identified those 
managers who supervise drivers with fewer claims than expected.  Figure 7-2 
displays a caterpillar plot of residuals for managers of car drivers in the upper panel 
and for managers of van drivers in the lower panel.  The plot displays the estimated 
residual values (black line) in rank order such that managers with the lowest residual 
appear on the left and those with the highest residual appear on the right.  Also 
displayed are the upper and lower 95% confidence intervals in green and blue above 
and below the residual values.  The plot identified 16 managers of car drivers, and 
15 managers of van drivers as having unusually high claim rates, since the lower 
confidence intervals of their residuals were above zero.  No managers were 
identified as having unusually low residuals, as no upper confidence intervals were 
below zero, which implied that the analysis did not identify managers exhibiting 
‘best practice’. 
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Figure 7-2 Caterpillar plots indicating the relative safety performance by manager 
upper –car drivers’ managers, lower –van drivers’ managers 
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7.8 Weakness in the analysis 
Weaknesses specific to this study are discussed, while an overview of issues is 
presented in Chapter 10 (Section10.6). 
This analysis assumed that the drivers had the same manager for their entire 
exposure periods, a time span of up to four years.  Approximately 10% of drivers 
had a different manager when they completed their profiles (before the training 
began) compared to the time the company provided the data (January 2013).  The 
smallest and largest proportions were 8.3% and 13.6% for LCV and small car 
drivers respectively.  It would have been possible for a driver to change manager, 
and then revert to the first manager by the end of the analysis period.  It was not 
possible to ascertain when a change of managers occurred, so it was assumed that 
managers were retained throughout the analysis periods.   
A second assumption was that the effect of training may not have occurred 
immediately after the manager attended the training course.  The dates on which 
drivers were identified as candidates for management of work-related road safety 
training may have been equally important.  Managers may have focused their 
attention on driving issues prior to their training, perhaps influenced by the attitudes 
and behaviour of their managers, or by just realising safe driving was a priority.  In a 
similar vein, the model did not incorporate any delay or progressive impact on 
improvement.  Using the exact training delay would have been optimistic as trainees 
would not have had any opportunity to put their lessons into practice.  Staff contact 
or communications dates would be another avenue for investigation but would rely 
on the availability of such data.  This is unlikely to be available without a formal 
recording system. 
7.9 Manager training 
The second study in this thesis assessed the impact of manager training on vehicle 
claims based on a rigorous statistical approach and is contained in Chapter 7.  The 
role of management has been highlighted in the literature (Bomel Ltd., 2004; 
Haworth et al., 2000; Mitchell et al., 2012) but formal assessment of interventions at 
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this level are rare (Banks et al., 2010).  A successful managerial intervention 
consisted of a 39.1% driver pay increase in a US truck fleet (Rodríguez et al., 2006).   
7.9.1 Impact of managers on safety 
This study could not provide support for the effectiveness of the management 
training undertaken.  It was hoped to provide the first report of a significant 
contribution by management training.  This finding does not rule out the possibility 
that the manager training does have an effect on safety using other outcomes or a 
modified methodology.  It may also be that this intervention was not effective 
against claims or claim types with multiple determinants (Stuckey et al., 2010).   
A small decrease in overall claims was observed from the descriptive statistics.  This 
did not take the background claim trend or the impact of driver training into account.  
Other factors have been reported to influence driver management beyond provision 
of backing and support.  Newnam et al. (2012) demonstrated that management 
practices as measured by safety information exchange (e.g. prioritisation of safety 
over other tasks) were important.  Effective management action is needed for driver 
interventions to ensure their success (e.g. safety pledge cards, Ludwig et al., 2000) 
and even equipment based changes (e.g. IVDR, Wouters et al., 2000) are most 
effective with managerial review (Hickman et al., 2011; Newnam et al., 2014).  It is 
significant that these interventions involve interactions between managers and 
drivers.  The training intervention at BT may have promoted positive behaviour in 
managers that mediate driver safety, but these may have been adopted at different 
rates. 
The practical fleet safety audit reported by Mitchell et al. (2012) did not specify 
assessment of manager training, although it did include a generic call for the 
assessment of fleet safety management across all management levels.  The 
implication contained in the audit tool was that deficiencies would lie with the 
managers, rather than with their training.  This second study in the thesis (Chapter 7) 
has demonstrated an approach that could quantify the impact of manager training on 
driver claims.   
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7.9.2 Discussion of models 
In this section, the factors contained in the models are discussed in light of the work-
related road safety literature. 
Driver factors 
Age did not appear in either model of claim risk which was surprising since age is 
usually an important collision risk factor in work-related road safety (Boufous et al., 
2009; Stuckey et al., 2010).  Other factors such as experience, expressed here as 
licence duration, can be a proxy for age (Lynn et al., 1998).  Van drivers with a 
shorter period of licensure did experience increased claim risk.  No effect was 
apparent for car drivers. 
The driver’s gender influenced only the claim risk for car drivers, by lowering the 
claim risk of female drivers by 21%.  Gender had no effect on the claim risk for van 
drivers but was an important factor for van drivers’ managers which had the effect 
of reducing claims by their drivers by the same factor (21%).  Charbotel et al. (2001) 
found that men had more severe collisions while Stuckey et al. (2010) reported that 
a female driver was a casualty risk.  Neither of these studies specified vehicle type 
involved.  The advantage of the current study was that the risk group was better 
defined than those taken from the general at-work driving population. 
Risk assessment data described in Chapter 5 identified that car drivers’ self-reported 
driver behaviour score had a small effect on claim risk (-1.2% and -0.3% 
respectively) which supported previously reported findings (Clarke et al., 2009; 
Reason et al., 1990) despite some reservations about the use of such self-reports 
(Lajunen et al., 2003).   
Drivers’ attitude to safety was linked to claim risk.  Those who did not know who 
was responsible for safety were less likely to claim but there was a large variation in 
this risk.  Car drivers who believed their managers were responsible for their road 
safety were more likely to claim. In similar fashion, van drivers who believed that 
their previous employer’s safety culture was better than that of the current employer, 
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were at greater claim risk.  Both these factors indicate an external locus of control 
which, in their view, reduces their responsibility for safety. 
The final driver factor was that car drivers admitting to using mobile phones while 
driving were at greater risk of making a claim.  Mobile phone use has been long 
associated with greater collision risk (Redelmeier et al., 1997).  This association did 
not indicate that they had made a claim as a result of using a phone but may be an 
indicator of the drivers’ attitude towards driving safety. 
Journey factors 
The distance driven at work influenced the claim rate.  For car drivers this increased 
with distance driven but for van drivers the risk plateaued for those driving over 
5,000 miles annually.  Increased private mileage appeared to reduce claims by van 
drivers.  Although the effect is similar to that reported by (Broughton et al., 2003), 
who observed that drivers who did 80% of their driving for work had 50% more 
injury collisions, the interpretation was different.  In this study there was a possible 
protective effect; Broughton implied work-related driving was riskier. 
Road type was a risk indicator only for van drivers.  Increasing the proportion of 
distance travelled on both motorways and country roads reduced claim risk.  This 
was likely to have been as a result of reduced exposure to urban roads which have 
been reported as reducing collision risk (Lynn et al., 1998).  Van drivers who drove 
on dirt roads had greater claim risks.  The individual distances or time spent driving 
on such roads was not known and greater exposure would be expected to lead to 
greater claim risk.  It was also found that a driver’s risk increased if their managers 
reported driving on dirt roads.  It is unclear why this risk occurred.  One could 
speculate that these managers previously had done the same job involving dirt road 
driving and their road choice continued to be in their profiles despite changing 
position.   
Vehicle factors 
The type of vehicle driven by managers had an influence on the risk of claims 
although this was only true for car drivers.  In comparison to small or medium 
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saloon cars, managers who drove a large car, an SUV or an ‘other’ have 24% greater 
risk while managers who drove an LCV had almost twice that risk.  It is not clear 
why the managers’ vehicles should be influential unless vehicle choice is a 
manifestation of personality.  The reason a manager of a car driver should drive an 
LCV is not understood given such vehicles are usually driven by technicians visiting 
customer sites.  This may simply indicate new managers who were promoted 
subsequent to the completion of their RoadRISK profiles.  The managers’ vehicle 
choices have not been previously reported as an indicator of claim risk.  
Vehicle age influences claim risk, with younger cars less likely to be the subject of a 
claim.  On this evidence drivers appear to be protective of their new vehicles despite 
some being up to two years old.  Stuckey et al. (2010) also found that injury risk was 
higher in 5-10 year old cars than those that were younger, supporting this finding.  
Older cars appear to be associated with a lower claim risk perhaps because many are 
the drivers’ personal property, so they do not suffer from the fleet driver effect 
(Chapman et al., 2000; Grayson, 1999; Lynn et al., 1998).  Personal ownership of an 
older LCV is less likely to occur explaining why this effect was not seen in the 
model of van claims. 
A number of vehicle features were associated with collision risk.  Cruise control in 
cars, and automatic transmission, brake assistance and automatic maintenance alert 
indicators in vans were all associated with higher claim risk.  The influences of these 
factors were all counter-intuitive as they are features fitted to improve safety.  The 
effect could be an indication of the attitude of the respondent towards vehicles, 
driving and road safety and be interpreted as a form of risk compensation (Wilde, 
1992).   
Organisational factors 
Neither shift nor time of day were factors in the claim model although both car and 
van drivers reported increased claim risk if they worked variable shifts patterns.  
This finding extends those of McKenna (2008) and Akerstedt et al. (2005) who were 
principally concerned with driving at night rather than at all hours of the day.   
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Stress has been mentioned as affecting work-related road safety (Bomel Ltd., 2004; 
Grayson et al., 2011) and may relate to the number of hours worked per day which 
was identified as a claim risk factor for both car and van drivers.  Car and van 
drivers who worked six or fewer hours each day had increased claim risk as did car 
drivers whose managers worked fewer than six hours.  Car drivers also had greater 
risk if they or their managers worked over seven hours.  Van drivers had reduced 
claim risk if they worked these longer hours.  This lower risk for van drivers may 
imply their working days are filled with non-driving activities, their commutes are 
relatively short compared to those of car drivers who may have a lengthy drive after 
a long day.  Extended days may also enable the commute to take place when the 
roads are less busy. 
The drivers who reported having undertaken defensive driving had increased claim 
risk, more so for car drivers than van drivers.  This is likely to have been because 
many drivers had undertaken training following work-related driving claims.   
Van drivers’ managers with more staff are associated with greater claim risk, 
perhaps suggesting role overload as suggested by Newnam et al. (2012).  The same 
was not true of car drivers.  It was noted that van drivers’ managers supervised more 
staff compared to those of car drivers, so the extra management burden may have 
been the reason behind this finding. 
7.9.3 Regression to the mean 
Corrections for regression to the mean were not considered an issue as training was 
not restricted to high risk managers.  Although the claim rate of car drivers whose 
managers had undertaken training was 32% higher than those untrained (7% for van 
drivers), this ratio does tend to imply some regression to the mean effect.  Since the 
training effect was negligible, RTM was not applied to the output of this 
multiplicative model and would have not changed this finding. 
7.9.4 Exposure 
The model for the number of claims in a two year period did not include an offset 
variable used to measure exposure.  The number of years in the sample period only 
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appeared in the model for car driver claims.  It was noted that there were few 
samples with exposures that differed from two years and the minimum exposure of 
1.75 years for both the car and van datasets.   
7.10 Summary 
This chapter has presented the results and findings of mixed parameter negative 
binomial regression models of claim frequencies in order to investigate the 
effectiveness of managerial training on improving work-related road safety. 
The study was not able to demonstrate that manager training was effective in 
reducing driver claims or car and van subsets of company drivers.  This was despite 
an observed reduction in the post-training claim rate of 3.5%, and having controlled 
for a wide range of driver, vehicle, journey and manager risk factors.  There were 
many possible reasons for this null result.  In particular the allocation of managers to 
training was not carried out using principles of experimental design.   
The claim rates of the drivers before and after their managers were trained did 
appear to indicate there was a three to four percent reduction in claim rate per driver 
following the manager training intervention. 
Significant findings concerning manager factors were the impact of staff numbers 
(suggesting role overload), vehicle types, licence duration, the managers’ daily 
hours and their time spend driving.  These later factors appear to further hint at the 
focus managers may have in controlling the driving behaviour of their staff. 
The modelling work has identified significant manager to manager variation in 
claim risk, especially for car drivers, perhaps because of the variety of journeys 
undertaken.  Therefore it is important that interventions are tailored to the different 
types of managers and not just drivers.  In this case, one size does not fit all.   
The following chapter builds on this theme of heterogeneity by segmenting the data 
using a large number of variables to identify similarities in the data. 
.
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8 Segmentation 
8.1 Introduction 
In the previous chapters intervention analysis was used to determine the 
effectiveness of driver and supervisor training on the frequency of associated claims.  
In this chapter the data are explored further using segmentation.  Claims are first 
grouped using the automatic classification techniques described in Chapter 3, then 
the effectiveness of existing interventions on these groups are examined to ascertain 
if existing interventions had any influence on these sub-groups.   
This chapter is organised as follows: first, classification was used to identify groups 
of similar claims and is displayed in section 8.4.  This resulted in rules being 
obtained from the classification process to generalise claims selection (section 8.5).  
Next, the effects of the interventions are evaluated using descriptive statistics, and 
then estimated by fitting a variety of econometric models (section 8.7).  The impacts 
of the training interventions are corrected for the effects of regression to the mean 
and background trends (section 8.8).  Finally a summary of the results and findings 
is provided in section 8.8. 
8.2 Justification of segmentation approach 
Classification studies carried out in road safety research have usually been centred 
on vehicle type, often taken as a proxy for journey purpose (Chapman et al., 2000).  
This assumption may be valid for certain types such as HGVs which operate under 
specific regulations, or taxis, emergency vehicles and buses which were found to 
have rather different collision modes to those of other company vehicles (Clarke et 
al., 2009).  Since the collisions experienced by most at-work drivers were similar to 
those of the general driving population, segmentation by vehicle may be artificial.  
Segmentation by collision characteristics, that include the vehicle and the driver 
details, may offer a useful alternative and provide added insight into collision 
countermeasures.  This could be used to modify the content by targeting specific 
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collisions, drivers and vehicles.  Furthermore the effects of known interventions, 
such as training, can be used as benchmarks for changes to current or new safety 
improvement actions.   
8.3 Data preparation 
The classification process used information on drivers and claims which were linked 
by driver identifier.  Analysis closely followed the work of Depaire et al. (2008) 
although this work used the Polytomous Latent Class Analysis package, poLCA, 
(Linzer et al., 2011) written in the R statistical computing environment rather than 
specific software written for the latent class analysis, i.e. Latent Gold (Vermunt et 
al., 2005).  Latent Gold is capable of using continuous and categorical variables 
whereas the poLCA is restricted to categorical variables, and as a consequence 
continuous variables had to be categorised.  Only those seven variables identified by 
Depaire et al. (2008) were retained for the classification process (i.e. incident type, 
vehicle type, season, weekday, time of day, gender, age).  These variables are 
displayed in Table 8-1 with frequency distributions for the variables.   
35% of the claims were omitted from the segmentation data as the drivers’ ages or 
genders were unavailable.  The modal frequencies occurred for forward facing 
incidents (37%), by LCVs (67%), during the weekdays (90%), between the hours of 
10am and noon (28%) involving male (63%) drivers aged 25 to 60 years of age.  
There was little difference between the rates of occurrence over the four seasons 
although the fewest claims were made for incidents occurring in the summer time 
(23%).   
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Table 8-1 Characteristics of the eight classes determined by PoLCA segmentation 
 
All claims All classified Class – size (no. of claims), fraction of all classified 
 N 71,301 42,385 
a – 20,418 
48% 
b – 7,714 
18% 
c – 4,596, 
11% 
d – 3,793 
8.9% 
e – 2,661, 
6.3% 
f – 2,205 
5.2% 
g – 588 
1.4% 
h – 410 
1.0% 
Claim Type : Forward 37% 26552 53% 22637 78% 15972 0% 0 52% 2370 0% 0 92% 2461 73% 1606 39% 228 0% 0 
FTV 21% 14628 26% 11188 0% 0 96% 7376 0% 0 92% 3488 0% 0 0% 0 5% 30 72% 294 
HWP 25% 18167 4% 1801 0% 1 4% 338 28% 1309 0% 0 0% 0 0% 0 9% 53 24% 100 
Low speed 6% 4400 4% 1488 2% 336 0% 0 14% 638 0% 0 1% 30 11% 238 42% 246 0% 0 
Other 7% 4976 8% 3214 12% 2534 0% 0 2% 73 8% 305 0% 0 12% 267 3% 19 4% 16 
TP caused 4% 2578 5% 2057 8% 1575 0% 0 4% 206 0% 0 6% 170 4% 94 2% 12 0% 0 
Vehicle : Car 29% 20546 26% 11090 0% 0 0% 0 100% 4595 100% 3793 100% 2661 0% 0 0% 0 10% 41 
LCV 67% 47487 67% 28188 100% 20418 89% 6839 0% 1 0% 0 0% 0 0% 0 100% 588 83% 342 
HGV 5% 3268 7% 3107 0% 0 11% 875 0% 0 0% 0 0% 0 100% 2205 0% 0 7% 27 
Season : Winter 26% 18422 26% 10838 27% 5555 24% 1876 25% 1157 16% 614 27% 718 28% 628 31% 180 27% 110 
Spring 24% 17420 25% 10509 25% 5161 25% 1931 20% 937 27% 1042 28% 732 23% 512 11% 66 31% 128 
Summer 23% 16724 24% 9985 22% 4511 24% 1846 22% 1009 34% 1299 22% 594 21% 469 30% 178 19% 79 
Autumn 26% 18735 26% 11053 25% 5191 27% 2061 32% 1493 22% 838 23% 617 27% 596 28% 164 23% 93 
Weekend : Weekend 10% 7098 11% 4807 6% 1166 0% 9 67% 3063 1% 50 0% 0 5% 109 2% 12 97% 398 
Hour : 7-9am 24% 17273 26% 10998 25% 5023 37% 2858 6% 256 21% 799 52% 1379 24% 522 27% 161 0% 0 
10-noon 28% 19896 30% 12689 28% 5805 32% 2493 46% 2118 38% 1439 0% 0 32% 716 20% 118 0% 0 
1-3pm 26% 18806 28% 11671 29% 5820 30% 2310 30% 1399 30% 1140 0% 0 33% 718 48% 284 0% 0 
4-6pm 14% 9907 14% 5883 17% 3497 1% 53 11% 488 10% 367 48% 1279 8% 181 3% 18 0% 0 
7-9pm 3% 2181 1% 587 1% 273 0% 0 5% 249 0% 0 0% 3 1% 17 0% 0 11% 45 
Night 5% 3238 1% 557 0% 0 0% 0 2% 86 1% 48 0% 0 2% 51 1% 7 89% 365 
Age Group : 17 to 25 6% 4145 1% 558 0% 19 0% 10 0% 19 0% 7 1% 23 1% 13 77% 451 4% 16 
25 to 60 93% 66224 97% 41253 99% 20146 98% 7540 99% 4538 99% 3760 98% 2618 96% 2127 23% 137 94% 387 
60+ 1% 932 1% 574 1% 253 2% 164 1% 39 1% 26 1% 20 3% 65 0% 0 2% 7 
Gender : Female 7% 4748 6% 2408 0% 0 0% 0 18% 823 17% 649 18% 471 1% 22 72% 423 5% 20 
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8.4 Data classification 
The fitting routine ran iteratively adjusting the model parameters to maximise the 
log-likelihood of the data for the number of classes specified.  The routine stopped 
when the change in log-likelihood per iteration fell below a threshold value.  It is 
possible to locate a false maximum so the process was repeated three times from 
different starting points and the best value taken as the accepted solution.  Models 
were built with four to 14 latent classes. 
Values of the Bayesian information criterion (BIC), Akaiki’s information criterion 
(AIC) and log-likelihood are plotted versus the number of classes in Figure 8-1. The 
parsimony principle requires the simplest model to fit the data.  Eight classes have 
been chosen as the optimum solution for this data since the BIC was minimised at 
this point. A further 100 models were built using random seeds to ensure that the 
global rather than a local minimum was located.   
 
Figure 8-1 BIC and AIC versus number of classes in the models 
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8.5 Classification outcomes 
The output of the poLCA procedure included posterior probabilities of membership 
for every claim in each class.  Claims were assigned to the class with the greatest 
probability of membership assuming a threshold probability was reached, a value 
which was determined empirically based on Figure 8-3. 
The distributions of the posterior probabilities for each claim for the eight classes 
are displayed in Figure 8-2; the vertical lines correspond to an appropriate posterior 
probability threshold of 70%.  This was lower than the threshold value of 80% value 
used by Depaire et al. (2008) in a segmentation study of collisions in Belgium.  The 
histograms indicated that many of the claims had low posterior probabilities of 
membership for most classes, and were left unclassified if they did not reach the 
threshold.  Scatter plots and correlations of the probabilities confirmed the 
independence of the probabilities.  The membership of each class was assessed to 
ensure that the 70% threshold would achieve sufficient group sizes for further 
analysis.   
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Figure 8-2 Histograms of class membership posterior probabilities 
A plot of group size by posterior probability threshold is displayed in Figure 8-3 and 
indicates that all classes become smaller as the probability required to classify each 
claim is increased.  Selected statistics are also displayed by class in Table 8-2 for 
posterior threshold probabilities of 50%, 70% and 95%.  These demonstrate the 
sensitivity of class allocation to threshold probability.  Class –a was the most 
populous for threshold probabilities of 50% and 70% but it would have been empty 
had the threshold been set to a probability of 95%.  Classes –d and –e would also 
have been empty using that threshold level while only 5% of all claims would be 
classified.  Class –f (containing only HGV drivers) was noteworthy for being the 
most stable class since its size only reduced by 17% from 2,212 to 1,827 over the 
threshold range displayed.  Classes –g and –h both contained fewer than 1,000 
claims which represented less than 1% of the classified claims.  The table indicates 
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that using a posterior threshold value of 70% resulted in 59% of all claims being 
classified.  38% of all claims (or 44% of those classified) were allocated to class –a.  
Classes –b, –c and –d contained 11%, 6% and 5% of the observations respectively 
while the remaining classes containing fewer than 5% of all claims.   
 
Figure 8-3 Plot of class size by threshold probability for the eight classes (a-h) 
Clearly the classification process did not result in unequivocal groupings with 
sharply defined boundaries but highlighted the need for judgement and careful 
interpretation. 
Having classified the claims, the next step was to characterise the classes to 
determine common themes in the data. 
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Table 8-2 Summary of class membership for threshold posterior probabilities of 
50%, 80% and 95%. 
Threshold  
posterior  
% 
Class 
 a b c d e f g h Total 
Claims 
per class 
50% 27006 9381 8299 5246 3914 2212 3597 1033 60688 
70% 20418 7714 4596 3793 2661 2205 588 410 42385 
95% 0 3 1378 0 0 1827 215 103 3526 
           
Percent 
of total 
claims 
50% 38% 13% 12% 7.4% 5.5% 3.1% 5.0% 1.4% 85% 
70% 29% 11% 6.4% 5.3% 3.7% 3.1% 0.8% 0.6% 59% 
95% 0% 0.0% 1.9% 0% 0% 3% 0.3% 0.1% 5% 
           
Percent 
of 
classified 
claims 
50% 44% 15% 14% 8.6% 6.4% 3.6% 5.9% 1.7% 100% 
70% 48% 18% 11% 8.9% 6.3% 5.2% 1.4% 1.0% 100% 
95% 0% 0.1% 39% 0% 0% 52% 6.1% 2.9% 100% 
8.6 Class characteristics 
This section describes the characteristics for the eight classes and gives further 
insight to the classes.  Table 8-1 contains the frequency distributions of all variables 
used to classify the characteristics for; all claims; all claims that were classified; and 
each of the classes identified by the poLCA procedure.   
Table 8-1 indicates that 42,385 of the 71,301claims were classified, however, claims 
were classified disproportionately by variable, and it is this disproportionate 
membership property that lies at the heart of the procedure.  It was found that the 
proportions and hence class characteristics varied as threshold probability was 
adjusted.  For example, using a 70% threshold value, class –a consisted of claims 
occurring uniformly throughout the day until the early evening, whereas for an 80% 
threshold, 68% of incidents occurred in the evening rush hour.  Further analysis of 
the sensitivity of membership to the threshold was not carried out. 
The significant characteristics of the classes are briefly described here while the 
detailed profiles are displayed quantitatively in Table 8-1.  
Class –a Contained almost half of all classified claims; they were exclusively made 
by LCV drivers with the majority having occurred while driving forward.  These 
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are just the incident type targeted by the TP or SaFED interventions but the analysis 
specifically identified van drivers.   
Class –b Contained 18% of claims, these exclusively involved LCV and HGV 
drivers and exclusively related to claims for fire, theft or vandalism (FTV), or 
being hit while parked (HWP).  The class consisted of passive incidents where a 
third party damages the organisation’s vehicle.  The BiC intervention does contain 
some elements relating to parking. 
Class –c Contained 11% of claims; these were made exclusively by car drivers for 
events in which either the car was being driven forward or was HWP, two thirds of 
the incidents occurred at the weekend.  It is likely that these incidents occurred 
while vehicles were used for personal rather than company business.   
Class –d Contained 8.9% of claims; these were mostly for FTV and were made 
exclusively by car drivers. 
Class –e Contained 6.3% of claims; the incidents mostly occurred while driving 
forward, and made by car drivers for incidents taking place during commuting 
hours 
Class –f Contained 5.2% of claims, these were made exclusively by HGV drivers, 
driving forward, and manoeuvring at low speed and other 
Class –g Contained 1.4% of claims; which involved exclusively LCV drivers who 
were mostly young (17-25 years old) or female who made a disproportionally large 
numbers of claims involving low speed manoeuvring, with the fewest claims having 
occurred in the spring 
Class –h Contained 1% of claims which were predominantly for FTV, or being 
HWP.  These events mostly took place at the weekend and for which LCV drivers 
were over represented  
Having identified and described the latent classes, further insights into their trends 
are reported in the next section.   
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8.6.1 Class trends 
The trend in class membership was investigated to obtain an overview of the 
possible effect of safety programmes across the classes.   
The quarterly trends of the eight claims classes and those that were not classified 
(n.c.) are displayed in Figure 8-4 using a logarithmic scale on the vertical axis.  The 
number of claims in each quarter for classes –a, –c, and –f have all remained largely 
constant over the study period with changes of -12%, 4%, 5% in the final two years 
compared to the averages over the preceding period.  Claims in Classes –b, –d, –e 
and –h have reduced by 53%, 59%, 25% and 48% respectively.  Only class –g, 
associated with young or female LCV drivers in low speed incidents, had a large 
increase in claims (57%) during the study.  The behaviour of this class was 
characterised by a positive trend and seasonality, with reduced claims being made in 
springtime (Jan-March).   
 
Figure 8-4 Quarterly claims trend chart for each of the eight latent classes of claims 
and those that were not unclassified 
The focus on percentage changes in claims may be misleading as large percentage 
changes did not always correspond to large numbers of claims.  Over the last two 
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years class –b showed the greatest change in claims (-637 p.a.) followed by classes –
d and –a, with 354 and 353 fewer claims per year respectively.  So, despite class –a 
having a small percentage change this represented a major contribution to the claims 
reduction. 
The overall claim rate was 13% lower at the end of the study compared to the start 
with most of the improvement having occurred towards the end of the period.  Over 
half of the claims were not classified so represent the largest ‘class’ and these claims 
increased by 97 (3%) per year over the final years of the study.   
The rates of improvement reported in this analysis are lower than those presented in 
the data description (Chapter 4) where annual improvement rates of −7.7% were 
reported.  The origin of this disparity was the lower likelihood of driver data being 
available for older claims.  In the first year of the study over 30% of claims had 
missing driver data, whereas only 8% were missing over the final two years.  Since 
only data on current drivers was available, and driver characteristics were required 
to perform segmentation, all claims were discarded for which the driver data were 
missing.  In contrast the claims rate reported in Chapter 4 did not require driver 
characteristics so gave a true picture of fleet performance.  The claim trend reported 
in this section has imparted a misleading view of the total claims trend while giving 
an understanding to the data being used.  The statistical modelling reported later in 
this chapter will overcome the issue by controlling for driver exposure. 
8.6.2 Intervention outcomes 
Each class identified in the above analysis comprised of drivers with similar 
characteristics and who had made similar claims.  Ideally, a specific intervention 
should be designed to improve the outcomes of these target groups.  With no 
specific intervention available for study, the efficacy of the existing training courses 
were evaluated using the methods previously identified in Chapter 6.   
The analysis depended on three elements; driver selection, claim selection and 
training intervention.   
 The drivers were selected using rules derived from classification output 
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 Two sources of claims were used in subsequent analysis; one was 
taken from the classification output and the other was selected using 
rules derived from classification output.   
 The two existing course types, consisting of Turning Point or Safe and 
Fuel Efficient Driving (TP or SaFED) and Back in Control (BiC) were 
evaluated.  
The driver and claim identification rules based on the logical operators (AND & 
OR) could be a weakness in the methodology, since the rules defined fixed 
boundaries in contrast to the probabilistic membership allocation provided by the 
classification routine.  The advantage of such rules was to provide a means of 
offering situation specific training based on intelligible driver and claim profiles.   
8.6.3 Claim rates by class 
The initial investigation was carried out using summary statistics.  To this end claim 
data were aggregated by driver while taking account of employment dates and 
training history in the same manner as discussed in Chapter 6.  Trained drivers had 
records for the before and after training periods, while untrained drivers had only a 
single record.  Eight class specific datasets were built, each of which included one or 
more records for every driver.  The analysis followed the methods used previously 
in Chapter 6 on driver intervention analysis.   
Descriptive statistics of drivers, exposure and claims by class and training status are 
displayed in Table 8-3 for the TP or SaFED training and in Table 8-4 for the BiC 
training.  These tables also contain the number of claims determined counts, i.e. 
from the classification process (LCA) or the claim description rules (Description).      
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Table 8-3 Descriptive statistics of Claims and TP or SaFED training status by class 
  Claim source  LCA       Description     
C
la
ss
 
 
1 
Drivers 
Total 
Exp
2 
Total 
Claims 
Claim 
Rate 
Change  Total 
Claims 
Claim 
Rate 
Change  
Rate % Rate % 
a All 22371 139202 17139 0.12   17312 0.12   
 U 20055 131372 14957 0.11   15096 0.11   
 B 1158 3210 1335 0.42   1353 0.42   
 A 1158 4620 847 0.18 -0.23 -56% 863 0.19 -0.23 -56% 
b All 22980 143210 6135 0.043   6287 0.044   
 U 20608 135183 5695 0.042   5841 0.043   
 B 1186 3305 209 0.063   207 0.063   
 A 1186 4722 231 0.049 -.014 -23% 239 0.051 -0.012 -19% 
c All 29063 167322 3927 0.024   2650 0.016   
 U 27641 162777 3503 0.022   2392 0.015   
 B 711 2095 272 0.130   158 0.075   
 A 711 2449 152 0.062 -.068 -52% 100 0.041 -0.035 -46% 
d All 29063 167322 3269 0.020   3764 0.023   
 U 27641 162777 3042 0.019   3494 0.022   
 B 711 2095 134 0.064   158 0.075   
 A 711 2449 93 0.038 -.026 -41% 112 0.046 -0.030 -39% 
e All 29063 167322 2240 0.013   2429 0.015   
 U 27641 162777 1961 0.012   2134 0.013   
 B 711 2095 216 0.103   221 0.106   
 A 711 2449 63 0.026 -.077 -75% 74 0.030 -0.075 -71% 
f All 976 6443 1028 0.16   985 0.15   
 U 882 6111 913 0.15   877 0.14   
 B 47 154 77 0.50   75 0.49   
 A 47 178 38 0.21 -0.29 -57% 33 0.19 -0.30 -62% 
g All 27547 159332 184 0.0012   66 .00041   
 U 24565 149911 137 0.0009   59 .00039   
 B 1491 3810 16 0.0042   3 .00079   
 A 1491 5612 31 0.0055 .0013 32% 4 .00071 -.0001 -9% 
h All 29425 165650 308 0.0019   290 0.0018   
 U 25701 154172 288 0.0019   267 0.0017   
 B 1862 4395 12 0.0027   13 0.0030   
 A 1862 7083 8 0.0011 -.0016 -59% 10 0.0014 -.0016 -53% 
1 
All All drivers included (untrained, trained -before training & trained -after training) 
 U Untrained drivers only 
 B Trained drivers – Before training 
 A Trained drivers – After training 
2 
Total Exp = Total exposure (years) 
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Table 8-4 Descriptive statistics of claims and BiC training status by class 
  Claim source  LCA       Description     
C
la
ss
 
 
1 
Drivers 
Total 
Exp
2 
Total 
Claims 
Claim 
Rate 
Change  Total 
Claims 
Claim 
Rate 
Change  
Rate % Rate % 
a All 22270 139283 17175 0.12     17353 0.12     
  U 20180 132343 14486 0.11 
 
  14618 0.11 
 
  
  B 1045 4274 2119 0.50 
 
  2145 0.50 
 
  
  A 1045 2666 570 0.21 -.28 -57% 590 0.22 -0.28 -56% 
b All 22889 143291 6293 0.044 
 
  6139 0.043 
 
  
  U 20723 136091 5762 0.042 
 
  5624 0.041 
 
  
  B 1083 4453 396 0.089 
 
  384 0.086 
 
  
  A 1083 2747 135 0.049 -.040 -45% 131 0.048 -0.039 -45% 
c All 28844 167350 3933 0.024     2653 0.016     
  U 27868 164222 3275 0.020 
 
  2269 0.014 
 
  
  B 488 1953 525 0.269 
 
  300 0.154 
 
  
  A 488 1175 133 0.113 -.16 -58% 84 0.072 -0.08 -53% 
d All 28844 167350 3270 0.020 
 
  3765 0.023 
 
  
  U 27868 164222 2960 0.018 
 
  3438 0.021 
 
  
  B 488 1953 232 0.119 
 
  247 0.127 
 
  
  A 488 1175 78 0.066 -.052 -44% 80 0.068 -.058 -46% 
e All 28844 167350 2244 0.013     2433 0.015     
  U 27868 164222 1868 0.011 
 
  2040 0.012 
 
  
  B 488 1953 314 0.161 
 
  322 0.165 
 
  
  A 488 1175 62 0.053 -.11 -67% 71 0.060 -0.10 -63% 
f All 994 6435 1024 0.16 
 
  981 0.15 
 
  
  U 862 5973 771 0.13 
 
  734 0.12 
 
  
  B 66 318 195 0.61 
 
  192 0.60 
 
  
  A 66 144 58 0.40 -.21 -34% 55 0.38 -0.22 -37% 
g All 27254 159434 186 0.0012     64 .0004     
  U 24892 151809 148 0.0010 
 
  58 .0004 
 
  
  B 1181 4700 28 0.0060 
 
  5 .0011 
 
  
  A 1181 2925 10 0.0034 -.0025 -43% 1 .0003 -.0007 -68% 
h All 28865 165809 308 0.0019 
 
  290 .0017 
 
  
  U 26315 157721 289 0.0018 
 
  275 .0017 
 
  
  B 1275 4924 17 0.0035 
 
  13 .0026 
 
  
  A 1275 3165 2 0.0006 -.0029 -83% 2 .0006 -.0020 -77% 
1 
All All drivers included (untrained, trained -before training & trained -after training) 
 U Untrained drivers only 
 B Trained drivers – Before training 
 A Trained drivers – After training 
2 
Total Exp = Total exposure (years) 
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The claims rates were calculated from the total claims and exposure data.  The final 
columns of each block indicate the change in the claim rate following training and 
the percentage change in the claim rates.  In all but one case all changes were 
negative, i.e. claim rates were lower after training. 
It was observed that the numbers of claims identified in each class by using the LCA 
output or by using descriptive rules were largely the same.  Therefore subsequent 
commentary will concentrate on claims identified by their descriptions rather than 
the LCA output.  The class based claim rates for the all driver data were equivalent 
for the TP or SaFED and BiC interventions, unsurprising since the training would 
not influence the driver totals. 
Untrained drivers had lower claim rates than trained drivers either before or after 
their training.  For most classes the claim rate of trained drivers reduced following 
training.  The exceptions were class –h, for TP or SaFED training, and classes –g 
and –h, for BiC training, the post-training claim rates remained higher than those of 
the untrained drivers although these figures were based on very few claims.  The 
highest claim rates were those of HGV drivers in class –f where the claims were 
made by a small number of drivers. 
TP or SaFED 
The highest claim rates were found in classes –f (HGV drivers) and –a (LCV 
drivers) with rates of 0.15 and 0.12 claims per annum.  The highest pre-training 
claim rates were for those taking TP or SaFED training, drivers in Class –f (0.49 
p.a.) followed by LCV drivers of class –a (0.42 p.a.).  Class –f and –a drivers also 
exhibited the largest improvement following the TP or SaFED training (-0.30 
and -0.23 p.a. respectively. 
The largest fractional reduction in claims was exhibited in the LCV drivers of 
Class –e (-71%).  Claim rates seen in classes –g and –h were both very low making 
it difficult to understand the impact of training. 
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BiC 
The BiC intervention resulted in a similar pattern of claims to that of TP or SaFED 
with classes –a and –f having the greatest reductions in claim rates (-0.28 and -0.22 
p.a.)  For this training class –e (LCV drivers) had the highest pre-training claim rates 
(0.165 p.a.).  The largest fractional change in claim rates was seen for drivers in 
class –h (-77%).   
On the basis of this analysis the training appeared to have an impact on all groups 
with average changes in claim rates of -53% and -55% for the two interventions.  
This impact must be viewed with caution as no adjustment was made for other 
interventions or RTM.  Adjustments for these effects will be made later in the 
chapter.  
8.7 Modelling results 
The effectiveness of the TP or SaFED and BiC training courses were evaluated by 
fitting negative binomial regression models to the data sets for each class and 
incorporated the lessons learnt in Chapter 6.  Thirty nine variables, including those 
representing year and the impact of the training, were used as independent variables 
in an initial set of models.  These models were simplified by using backward 
stepwise elimination based on the AIC statistic to remove variables.  A third set of 
simple NB models, which included only the variables of year and training, were 
fitted to each data set and were used as references for the other more complex 
models.  The parameters and fit statistics of the three model types were inspected for 
consistency before deciding on the impact of the intervention.  In addition to the NB 
models, Poisson and logistic regression models were also fitted to the same data.  
The logit model used a binomial dependent variable of claim or no claim instead of 
a claim count.  The NB models were compared to these models to ensure that the 
most appropriate models were used.  
A summary of the 16 NB models fitted by backward elimination are displayed in 
Table 8-5.  The summary table displays 15 model parameters and other relevant 
statistics for each model.  The column labelled Ba contains the model coefficient for 
the effect of the training course on trained drivers in comparison to those same 
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drivers before they were trained which is converted into the incidence rate ratio 
(IRR = e
Ba
).  The IRR statistic represents the ratio of the claim rates of trained 
drivers compared to the claim rates of drivers before training.  Bu is the model 
coefficient that compared the claim rate of an untrained driver to the pre-training 
claim rate of a trained driver.  The table also contains coefficients of year (Byear) 
which expresses the change in claim rate per year, the number of parameters in each 
model (p), the dispersion parameter for the NB model (theta), Akaike’s information 
criterion (AIC = -2*log(likelihood) + 2*p), the log likelihood for the data (log like) 
and the unadjusted McFadden’s R-square (= 1- log like[model]/ log like[null 
model]). 
Problems were experienced while refining the NB models on class –g using the 
stepwise procedure.  The model for the TP or SaFED interventions could not be 
refined using stepwise variable selection so output from the unrefined model was 
used.  The results from other classes indicated there was little difference between 
these sources of parameter estimates.  Additionally, the BiC intervention analysis 
resulted in an “alternation limit reached” warning for the estimation of theta.  A 
comparison of the full and simple models revealed that the coefficients for the 
intervention were little different (-2.30 & -2.39) and the dispersion parameters were 
identical (0.11) so values from the full model were used in the table.  It was noted 
that Class –g contained the fewest claims by trained drivers either before or after the 
interventions for both the TP or SaFED and BiC training (seven and six drivers 
respectively) which may have contributed to these issues. 
The next sections describe model parameters and fit statistics, and how they 
contribute to our knowledge of road safety training programmes. 
8.7.1 TP or SaFED 
This intervention indicated that five of the eight classes (–a, –c, –e, –f & –g) 
exhibited significantly reduced risk of claims by 21%, 20%, 58%, 33% and 88% 
following training compared to the pre-training risk.  Two of the eight classes both 
involving claims for FTV (–b & –d) showed statistically significant increases in 
claims risk of 80% and 23% following training (all risks were assessed at the 0.05 
significance level).  The change in claim risk for class –h was not statistically 
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significant.  Seven of the eight models indicated that background factors 
incorporated in the variable ‘year’ reduced the number of driver claims and only in 
class –g did the background level of claims increased over time.  This result is in 
agreement with the trends observed in Section 8.6.1.  All models displayed 
statistically significant over-dispersion and three having values greater than one.  In 
contrast dispersion parameters for classes –g and –h were much less than one (0.1 
and 0.3 respectively).   
8.7.2 BiC  
The evaluation indicated that this training also exerted a positive influence on safety 
by significantly reducing the number of driver claims in all classes.  So BiC training 
appears to be more effective than the TP or SaFED training.  In addition, the 
background trend of claims for all classes, except class –g, indicated a significant 
annual reduction in claims.  The claims trend for class –g was positive and 
significant, indicating an increase in claims, mirroring the result from the TP or 
SaFED evaluation and confirmed in the trend of Figure 8-4.  The dispersion 
parameters were significant for all models although the smaller classes only had 
values of 0.1 and 0.3 as also noted in the previous section. 
8.7.3 Impact of training on claims (uncorrected for trend or RTM) 
Class –a (LCVs, over 25s, Forward claims) The incident claims risk was reduced by 
20% following the TP or SaFED intervention and 42% following BiC training with 
background reduction in claims of 16% or 18% annually depending on the model 
used.  Given the class contained mostly forward facing claims the TP or SaFED 
course should have had the greater effect on this class.  The R-square values were 
2.9% and 3.9% for the two models indicating a slight superiority than for the BiC 
training.  
Class –b (LCVs & HGVs, over 25s, FTV claims) The results indicated that the two 
interventions had opposite effects.  The TP or SaFED training increased the 
incidence risk of a claim by 80% but the BiC training reduced the relative risk by 
23%.  Trend results for the two models were more consistent as the relative risks of 
a claim were reduced annually by 22% and 19% respectively.  The class consisted 
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primarily of FTV or HWP claims so the BiC included elements related to parking 
should have improved HWP claims.  The R-square goodness of fit statistics were 
both less than 2% which implies that there remain many missing sources of 
uncertainty.  These were the lowest values of all 16 models. 
Class –c (Cars, weekend, 10am-3pm, over 25s, no FTV claims) The models 
indicated that the interventions produced similar reductions in these claims.  The TP 
or SaFED and BiC intervention reduced the relative risk of claims by 20% and 
60.4% respectively while the annual rate of reduction was 12% for both 
interventions.  The class consisted of forward facing claims that were more likely to 
be targeted by the TP or SaFED intervention.  This class had the highest R-square fit 
statistics of 13.6% and 14.7%. 
Class –d (Cars, 10am-3pm, over 25s, FTV claims) The training programmes had 
opposing effects on this class as was also found in class -b.  After TP or SaFED 
training the claim risk ratio increased by 23%, but following BiC training the claim 
risk ratio reduced by 34%.  The claims were mostly for fire, theft or vandalism 
(FTV) which were not specifically targeted by the training sessions but were 
included in the BiC training.  Annual reductions in claim risks that were determined 
from the models were 21% and 20%.  The models had amongst the highest R-square 
fit statistics of the classes with values of 11.4% and 11.6%. 
Class –e (Cars, commuting, over 25s, forward claims) The risk of claiming was 
reduced by similar amounts following the two training sessions (58% after the TP or 
SaFED training and 53% after the BiC training).  The background claim risk was 
reduced by 14% and 18% annually in the two models.  The TP or SaFED training 
could have expected to have a strong influence on the forward facing events that 
were a feature of the class.  R-square fit statistics were amongst the highest 
produced in the analysis at 14.6% and 15.6%. 
Class –f (HGVs, over 25s, forward claims) The models indicated that the TP or 
SaFED training reduced claim risk by 33% and the BiC training reduced claim risk 
by 48%.  Both interventions should have influenced the totals since claims in this 
class were for both forward facing and low speed manoeuvring.  The model 
indicated an 18% and 11% annual reduction in claim risks for the two models.  The 
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R-square statistics were 6.8% and 8.1% which lie midway between the highest and 
lowest encountered in the analysis. 
Class –g (LCVs, young drivers, female drivers, low speed claims) The TP or SaFED 
intervention was associated with an 88% reduction in claims, and the BiC training 
with a 90% reduction in claims following training.  Despite this large reduction in 
claim risks following training, both models indicated increasing annual claim risks 
of 79% and 38%.  The claims were for low speed manoeuvring which should have 
favoured the BiC sessions.  Relatively high values of R-squared values of 15 % and 
14% were obtained.  Difficulties in fitting models to this data were noted above, 
which may account for the seemingly anomalous results for this class.   
Class –h (LCVs, night and weekend, FTV & HWP claims) The TP or SaFED 
training had no significant impact on the claims in this class while the BiC training 
was associated with a 68% reduction in the risk of claims.  These claims were 
predominately for FTV or HWP, some aspects of which are addressed by the BiC 
training and which may go some way to explain this.  The trend values from both 
models indicated a reduction in claim risk by 10% annually.  The R-square goodness 
of fit statistics were 4.3% and 4.2% respectively. 
The small number of claims on which some of these estimates are based may have 
given rise to an unrealistic view of the impact of the training for some groups.  The 
evaluations for class –a were based on 2216 and 2689 claims which are sufficiently 
large to produce useful results.  The total claims made by drivers in classes –g, and –
h before and after the TP or SaFED and BiC courses were only seven and 23, and 
six, and 15 respectively, so were likely to result in poor parameter estimates.  
Estimates for other classes entailed between 531 and 108 claims and are shown in 
detail in Table 8-3 and Table 8-4.  Although sample size can affect the standard 
errors of parameter estimates, there appeared to be no correlation between sample 
size and the z statistics displayed Table 8-5. 
 
Chapter 8 Segmentation 185 
 
Table 8-5 Summary of claim model parameters by class for TP or SaFED, and BiC training interventions 
Training Class Ba
1 
za
1 
IRR
1 
Bu
2 
zu
2 
Byear zyear p
3
 theta AIC Log like 
McFadden 
R-square 
TP or 
SaFED 
a -0.23*** -6.7 79.5% -0.41*** -17.8 -0.18*** -19.1 86 2.5*** 333985.1 -166906.5 2.9% 
b  0.59*** 9.3 180.4% 0.56*** 12.3 -0.25*** -15.6 81 1.7*** 194483.9 -97160.9 1.5% 
c -0.23** -2.6 79.9% -0.48*** -8.3 -0.13*** -7.6 86 0.6*** 93574.0 -46701.0 13.6% 
d  0.21* 2.5 123.4%   0.06 1.1 -0.24*** -16.1 86 0.6*** 123163.1 -61495.6 11.4% 
e -0.87*** -10.0 42.1% -0.83*** -16.5 -0.15*** -9.0 87 0.9*** 86683.0 -43254.5 14.6% 
f -0.41*  -2.2 66.6% -0.54*** -4.7 -0.20** -4.0 73 1.7*** 17083.5 -8468.8 6.8% 
g
4 
-2.09*** -4.2 12.3% -1.09*** -3.3 0.58*** 4.7 89 0.1*** 4961.5 -2391.7 15.0% 
h -0.51 • -1.8 60.2% 0.51** 2.8 -0.11 * -2.0 76 0.3*** 19569.0 -9708.5 4.3% 
BiC 
a -0.54*** -15.0 58.4% -0.80*** -47.3 -0.20*** -22.5 86 3.2*** 329274.0 -164551.0 3.9% 
b -0.26*** -3.9 77.1% -0.14*** -4.3 -0.21*** -13.5 81 1.8*** 194014.4 -96926.2 1.6% 
c -0.93*** -10.0 39.6% -1.37*** -31.7 -0.12*** -7.3 87 0.7*** 91625.7 -45725.8 14.7% 
d -0.42*** -4.5 65.8% -0.70*** -15.0 -0.23*** -15.1 85 0.6*** 122546.2 -61188.1 11.6% 
e -0.76*** -8.3 46.6% -1.32*** -32.3 -0.20*** -11.9 88 1.1*** 85132.8 -42478.4 15.6% 
f -0.66*** -4.0 51.7% -1.02*** -15.1 -0.12** -2.7 72 2.7*** 16368.4 -8112.2 8.1% 
g -2.30** -3.2 10.0% -0.89** -3.2  0.32** 2.6 74 0.1***
5
 4991.1 -2421.5 13.9% 
h -1.14** -2.8 31.9% 0.27 • 1.7  -0.11*   -2.0 83 0.3*** 19876.3 -9855.2 4.2% 
1 
Change in claim rate of drivers after training compared to before they were trained  
2 Change in claim rate of untrained drivers compared to trained drivers before they were trained  
3 
Number of parameters in the model  
4 
Model with no variables eliminated   
5 
Warning - alternation limit reached  
 
Significance codes:  ‘***’ 0.001, ‘**’, 0.01 ‘*’, 0.05, ‘•’ 0.10, ‘ ’ >0.10  
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The above analysis has perhaps presented an optimistic outlook for the driving 
interventions as reductions in claims may have been expected even if these drivers 
had not been trained.  In the next section their ‘effects sizes’ are amended for what 
was likely to have occurred had no training taken place. 
8.8 Adjustments for trend and RTM 
Analysis in this section uses techniques already presented in Chapter 6 to 
compensate for background changes and regression to the mean for each of the 
clusters.  The coefficients of year were used to estimate the effects of other factors 
and the dispersion parameters predicted the performance of high claim drivers.  
The results for the TP or SaFED interventions are displayed in the upper section of 
Table 8-6, while those for the BiC are contained in the lower section of the table.  
The table outlines the steps used to calculate the adjusted impact of training.  The 
observed claim rates in the first row were adjusted for RTM using the formulae 
given in Chapter 6.  For example the effect of TP or SaFED training on class –a 
increased the observed claim rate from 0.42 to 0.55 claims per year.  This is counter 
intuitive as RTM was expected to reduce the pre-intervention counts to take into 
account the expected reduction in claims even if high claim drivers were not trained.  
Class –f with BiC training was the only group for which RTM compensation 
reduced the claim rate with a reduction from 0.62 to 0.60 claims per year.  In 
addition, the RTM compensation had no effect on claims in class –h while claims 
increased for the remaining six classes in the BiC analysis and for all classes in the 
TP or SaFED analysis. 
Rows three to eight of Table 8-6 contain details of the compensation for the claim 
risk trend.  This used the average time gap between before and after training samples 
(3.4 years for class –a) and the model coefficient (-0.18) to arrive at a  
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Table 8-6 Intervention effects adjusted for RTM and trend (upper- TP or SaFED training, lower- BiC training) 
Training course -TP or SaFED Class 
 
–a -b –c –d –e –f –g –h 
Observed claim rate-Before (per year) (       ) 0.42 0.063 0.075 0.075 0.11 0.49 0.00079 0.0030 
Before claim rate adjusted for RTM (       ) 0.55 0.094 0.092 0.091 0.13 0.57 0.00125 0.0038 
Average time since Jan 2005 (years)                 
Before training 2.6 2.6 2.8 2.8 2.8 2.6 2.7 3.5 
After training 6.0 6.0 6.0 6.0 6.0 6.1 5.9 6.6 
Δyear 3.4 3.4 3.2 3.2 3.2 3.5 3.2 3.2 
Coefficient of year in NB model (Byear)  -0.18 -0.25 -0.13 -0.24 -0.15 -0.20 0.58 -0.11 
Reduction factor = exp(Byear * Δyear) 0.56 0.44 0.67 0.47 0.62 0.49 6.27 0.71 
Before claim rate adjusted for RTM & trend 0.30 0.041 0.061 0.042 0.08 0.28 0.0078 0.003 
Observed claim rate-After 0.12 0.032 0.023 0.026 0.02 0.12 0.0005 0.001 
Training effect (claims per year) -0.18 -0.009 -0.038 -0.016 -0.06 -0.16 -0.0074 -0.002 
  
Training course -BiC Class 
 
–a -b –c –d –e –f –g –h 
Observed claim rate-Before (per year) (       ) 0.50 0.086 0.154 0.13 0.16 0.62 0.00106 0.0026 
Before claim rate adjusted for RTM (       ) 0.55 0.101 0.165 0.14 0.17 0.60 0.00108 0.0026 
Average time since Jan 2005 (years)                 
Before training 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.5 
After training 6.7 6.7 6.6 6.6 6.6 6.9 6.7 6.6 
Δyear 3.3 3.3 3.2 3.2 3.2 3.5 3.2 3.2 
Coefficient of year in NB model (Byear)  -0.20 -0.21 -0.12 -0.23 -0.20 -0.12 0.32 -0.11 
Reduction factor = exp(Byear * Δyear) 0.51 0.50 0.67 0.48 0.52 0.65 2.83 0.71 
Before claim rate adjusted for RTM & trend 0.28 0.050 0.111 0.067 0.09 0.39 0.0031 0.0019 
Observed claim rate-After 0.084 0.018 0.026 0.025 0.02 0.12 0.0001 0.0002 
Training effect (claims per year) -0.20 -0.032 -0.085 -0.042 -0.07 -0.27 -0.0029 -0.0016 
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reduction factor (56%) which was used to modify the observed pre-training rate 
(0.55 claims per year).  The training effect was calculated as the difference between 
the RTM and trend adjusted claim rate (0.28) and the observed post-training claim 
rate (0.084) to determine an intervention size of -0.18 claims per year for the TP or 
SaFED intervention on class –a claims.  An intervention of this magnitude would 
reduce the annual number of forward facing claims by 180 if 1000 LCV drivers 
were trained.  
The pre- and post–adjustment intervention effects are displayed graphically in 
Figure 8-5.  The coefficient of training taken from an NB model is plotted on the 
horizontal axis while adjusted training effect is plotted vertically.  The source 
models are labelled by the class letter and the interventions are differentiated by 
symbol. 
 
Figure 8-5 Comparison of model coefficients and adjusted effects sizes 
Class –a claims appear to be strongly influenced by the training sessions with claims 
reductions evident before and after adjustments, and this was true for both the TP or 
SaFED and the BiC training.  The class represented the largest grouping, i.e. LCV 
drivers making forward facing claims, and so made a large impact on the total.  The 
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pre–adjustment effects of the TP training course on class –b appeared to increase 
claims but after adjustment the training caused a small reduction in claims.  The BiC 
training reduced class –b both before and after training.   
The BiC training was more effective at reducing both class –c and –d claims than 
was the TP or SaFED training.  This was true before and after adjustment but the 
intervention was more effective on class –c.  Both interventions reduced class –e 
claims.  The largest effect size post adjustment was that for BiC on Class –f which 
was almost twice as large as for the TP or SaFED intervention (-0.27 versus -0.16). 
The effect of training on claims in classes –g and –h were negligible after 
adjustment despite the pre–adjustment effect sizes derived from the model 
coefficients being very large (up to -2.2 for class –g).  It was noted that class –g 
contained fewer claims by young and female drivers in the period between January 
and March, which is counter intuitive, and may indicate that the drivers adopted a 
more cautious driving style as an example of risk compensation (Wilde, 1992) under 
adverse conditions.   
The correlations between the effect sizes for the TP or SaFED and BiC were 
noteworthy both before and after adjustments (r = 0.91 & 0.95 respectively).  This 
implies that the specific content of the training may be less important than the 
requirement for an intervention to be made.  This does not imply that content is 
unimportant, as the value of employee engagement in work-related road safety has 
been demonstrated (Gregersen et al., 1996).   
8.9 Summary 
This study identified eight homogeneous claim classes after fitting a latent variable 
model to seven driver and claim characteristics.  The classes were characterised by 
profile and trend.  The largest class consisted of LCV drivers making claims for 
‘driving forward’.  This is an unsurprising result given that LCVs and ‘driving 
forward’ represented a large proportion of the claim record.  A smaller claim class 
consisted of night and weekend claims by LCV drivers for fire, theft, vandalism or 
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being hit while parked.  These smaller segments of similar claims offer the 
possibility of creating effective countermeasures.   
To simulate a use-case, descriptive class membership rules, derived from the model, 
were used to assign the observed claims to classes.  Further, in the absence of class 
specific interventions the effects of two existing training interventions were 
evaluated on each of the classes.  Descriptive statistics indicated an improvement in 
claim rates in all classes with reductions of up to 50% in some classes. Modelling 
confirmed the useful training effect for all but one class.   
The training effects were adjusted for RTM and background trends to allow for what 
was likely to have happened had no training been given.  RTM produced a counter 
intuitive adjustment which increased the pre-training claims from those observed 
rather than making a reduction.  Training had the greatest impact on claims in the 
largest class (LCV drivers) and a small class of HGV drivers with a reduction in 
claims of 0.20 and 0.27 per trained driver per year.  The effect of training on two 
classes was less than 0.01 per trained driver per year, i.e. fewer than one claim saved 
per 100 drivers trained.  Trend plots and models both indicated that the class 
containing young and female LCV drivers exhibited increasing numbers of claims.  
The effect of training was boosted by the effect of the trend but the low claim risk 
resulted in only a small overall reduction in claims per driver.   
The training effects of the TP or SaFED and BiC training courses were correlated 
and imply that the specific content of a course may be generalised to other claim 
types (Ludwig et al., 2000).  This is worthy of further study.  The BiC intervention 
which included some aspects of parking that may influence theft and vandalism.   
Class membership was probabilistic and required the predicted probability of 
membership to be greater than 80% and consequentially 47% of claims remained 
unassigned.  Therefore almost half of all claims were not considered part of any 
segment, making this an area worth further study.   
The research presented in this chapter has demonstrated the value of segmenting 
claims in order to better understand how training could influence smaller, more 
homogeneous, claim groups.  Two non-specific training interventions were shown to 
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be effective for most of these groups with further improvements being likely by 
leveraging the group insights gained from the exercise. 
The next chapter contains a discussion of all results with reference relevant to work-
related road safety literature. 
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9 Discussion 
9.1 Introduction 
This chapter discusses the research contained in this thesis to determine if the 
policies adopted by a large UK organisation resulted in a measureable reduction in 
vehicle related insurance claims.  The methodology of Chapter 4 is discussed in 
Section 9.2 while the data exploration and cleaning of Chapter 5 is discussed in 
Section 9.3.  Further, the three modelling studies to evaluate driver training (Chapter 
6), manager training (Chapter 7) and segmentation (Chapter 8) are discussed in 
Sections 9.4, 9.5 and 9.6 respectively.  These discussions are supported by the 
literature review of Chapter 2 with a view to confirm, refute or expand on the 
findings.   
9.2 Methodology 
The application of the methodology taken from general road safety, detailed in 
Chapter 4, has made a significant contribution to the field of work-related road 
safety by using existing organisational data to assess and understand their safety 
interventions.  It recognises the observational nature of the studies rather than 
randomly controlled trials favoured by many researchers (Banks et al., 2010; 
Grayson et al., 2011; Ker et al., 2005).  This feature is particularly useful for an 
organisation not wishing to undertake special actions although a randomly 
controlled trial would always be preferable. 
Success has been achieved by employing count models common in highway safety 
(Hirst et al., 2004; Lord et al., 2010; Miaou et al., 1993) but less common in work-
related road safety (Newnam et al., 2008; Stuckey et al., 2010).  The methodology 
enabled adjustments to be made for regression to the mean and background trends 
which have not been reported in previous WRRS studies.  Gregersen et al. (1996) 
suggested that RTM inflated the success of the discussion group in the Televerket 
controlled trial without adjusting for it.  No reports of impact of background effects 
in this field have been found.  
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9.3 Data exploration 
The data exploration of Section 5.2 indicated that the number of claims had reduced 
consistently over the 12 years, for which data were supplied, a total reduction of 
approximately 55%.  Figure 5-1 indicated that the downward trend in claims was 
faster than the number of KSI collisions in GB rate (-7% versus -4.5%).  This 
comparison has not been made previously in a study on work-related collisions.  
Given the very large scale of data available in this study such a comparison was 
possible.  Not only did claims decrease, but claims decreased in eight of the 11 
categories (Table 5-2).  This result indicates that there was a genuine improvement 
in safety and claims were not merely shifted from one category to another.  
Furthermore, there was no increase in a residual “other” category which indicated 
good control over reporting.  This detailed breakdown of claims is not generally 
reported (Gregersen et al., 1996), instead there is a focus on all claims or specific 
behaviour (Ludwig et al., 2000). 
Unlike police recorded collisions (Gill et al., 2006) under reporting is unlikely to be 
an issue in this case.  The studies reported in this thesis were based on verified data 
logged into a centrally maintained MIS, rather than the self-reported surveys 
frequently used in work-related road safety (Newnam et al., 2014).  The company’s 
MIS together with an annual vehicle check (“birthday process”) mitigated under-
reporting which is common for self-reported and minor events (Lajunen et al., 
2003).  Since the MIS is used to control and record, the repair and eventual sale or 
disposal of each vehicle, the system contained an accurate record of claims.  No 
actions can be undertaken on these assets without mandatory data recording and 
authorisation.  In a similar fashion, the MIS tracked drivers as they transferred 
within the organisation.  This is an improvement on an earlier study which did not 
track individual drivers, could not guarantee all drivers had completed all of the 
intervention sessions and assumed a dropout rate of up to 20% (Gregersen et al., 
1996).  It must be recognised that the nuances of the changing organisational 
structure over time were not available and these could be important to the operation 
of the organisation.  The company did have detailed records that would allow deeper 
analysis of personal movements although these were not made available. 
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A wider range of performance metrics such as harsh acceleration and braking, or 
driving infractions could be useful to investigate driving styles but were not 
available for use (Mitchell et al., 2012).  
The observed claim rate reported in Table 5-9 was 0.22 per year for all claim types 
over the years of the studies, a figure which compares favourably to other published 
research.  Two studies in Finland by Salminen (2008) reported work-related traffic 
“accident” rates of 0.021 and 0.0077 per driver per year which is an order of 
magnitude lower than those for BT, although these only counted injury incidents.  
The benchmark study of Gregersen et al. (1996) in Sweden reported an “accident” 
rate of 0.11 to 0.14 per year and a “caused accident” per vehicle of approximately 
0.011.  Presumably these were incidents in which the driver was considered to be at 
fault.  Rodríguez et al. (2006) reported a rate of 0.23 per year amongst heavy truck 
drivers in the US.  Wouters et al. (2000) reported claim rates of 0.62 for 44 car 
drivers and 1.2 for 165 heavy truck drivers in Belgium and The Netherlands.  These 
were much greater than reported in this thesis and the above studies.  Clearly there 
are marked differences in the reported safety performances across published studies 
and such variations caution against direct comparison without careful interpretation.  
Accurate records of all incidents are vital to work-related road safety investigations 
especially with regard to stability and consistency.  This thesis counted all claims for 
vehicle damage irrespective of the OHS and injury implications. 
9.4 Driver training 
The first of the three studies (Chapter 6) undertook an assessment of driver training 
and has added significantly to the body of knowledge in work-related road safety.  
Specific claims were reduced by 19% following forward facing driver training while 
and all claims were reduced by 5%.  Following low speed manoeuvring training the 
corresponding reductions were 8% and 7%. A unique feature of this study was the 
ongoing intervention with a large vehicle fleet to demonstrate that driver training is 
effective at reducing work-related vehicle claims rather than having to undertake a 
specific trial.  Although this does not remove the need for expensive randomly 
controlled trials, this study has been able to take existing data, correct for other 
effects, and demonstrate the impact of the training.  The approach sits well with the 
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multiple intervention level (MIL) hierarchy (Ludwig et al., 2000) in which the most 
intrusive and expensive interventions are reserved for “hard core” drivers who did 
not respond to one of the less intrusive lower level interventions.  For many years 
there has been doubt over the effectiveness of post-license training, and calls for 
more studies into driver training in work-related road safety (Downs et al., 1999; 
Grayson et al., 2011) and general road safety (Ker et al., 2005).  This study fills that 
gap in knowledge.  It also fulfils one of the strategic and operational criteria in a 
practical fleet safety audit tool (Mitchell et al., 2012).   
The scale of the data used far exceeds that from studies of other organisations.  
Examples of sample sizes were 19 (Newnam et al., 2009), approximately 840 
(Wouters et al., 2000) and 900 (Gregersen et al., 1996).  These studies were 
interventional rather than observational studies and control of sample sizes allowed 
the statistical power of the assessments to be set appropriately.  Wouters et al. 
(2000) aimed to detect a 15% reduction in collisions
3
 and Gregersen aimed to detect 
a 30% reduction.  The large studies reported in this thesis have allowed small 
differences in claim rates to be detected.    These represent improvements in the 
detection limit of the studies. 
Gregersen et al. (1996) used approximately 900 employees per experimental group 
but did have the advantage of being prospective and contained a control group.  The 
best intervention, group discussion, achieved improvement of 45%; however, the 
exact content of the intervention was not clear.  The value of group discussion was 
supported by Salminen (2008) who also reported safety improvements.   
The detailed content of the training used at the company under study was not 
observed.  Stanton et al. (2007) reported that the content and methodology of a 
training programme is critical.  Drivers in their study were coached to identify and 
respond to hazards.  The purpose and content of driver training by Gregersen et al. 
(1996) was not to improve manoeuvring skills, but offer insight into risks and driver 
limitations.  Since the outcome is based on claims, the nature of the intervention is 
                                                 
3
 Assuming type I and II error rates of 5% and 20%, 
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unimportant for this evaluation, although knowledge of critical elements of the 
intervention would be useful to understand their mechanisms and to develop them 
further (Newnam et al., 2012). 
9.5 Manager training 
The second study in this thesis assessed the impact of manager training on vehicle 
claims based on a rigorous statistical approach and is contained in Chapter 7.  The 
role of management has been highlighted in the literature (Bomel Ltd., 2004; 
Haworth et al., 2000; Mitchell et al., 2012) but formal assessment of interventions at 
this level are rare (Banks et al., 2010).  A successful managerial intervention 
consisted of a 39.1% driver pay increase in a US truck fleet (Rodríguez et al., 2006).   
9.5.1 Impact of managers on safety 
This study could not provide support for the effectiveness of the management 
training undertaken.  It was hoped to provide the first report of a significant 
contribution by management training.  This finding does not rule out the possibility 
that the manager training does have an effect on safety using other outcomes or a 
modified methodology.  It may also be that this intervention was not effective 
against claims or claim types with multiple determinants (Stuckey et al., 2010).   
A small decrease in overall claims was observed from the descriptive statistics.  This 
did not take the background claim trend or the impact of driver training into account.  
Other factors have been reported to influence driver management beyond provision 
of backing and support.  Newnam et al. (2012) demonstrated that management 
practices as measured by safety information exchange (e.g. prioritisation of safety 
over other tasks) were important.  Effective management action is needed for driver 
interventions to ensure their success (e.g. safety pledge cards, Ludwig et al., 2000) 
and even equipment based changes (e.g. IVDR, Wouters et al., 2000) are most 
effective with managerial review (Hickman et al., 2011; Newnam et al., 2014).  It is 
significant that these interventions involve interactions between managers and 
drivers.  The training intervention at BT may have promoted positive behaviour in 
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managers that mediate driver safety, but these may have been adopted at different 
rates. 
The practical fleet safety audit reported by Mitchell et al. (2012) did not specify 
assessment of manager training, although it did include a generic call for the 
assessment of fleet safety management across all management levels.  The 
implication contained in the audit tool was that deficiencies would lie with the 
managers, rather than with their training.  This second study in the thesis (Chapter 7) 
has demonstrated an approach that could quantify the impact of manager training on 
driver claims.   
9.5.2 Control factors 
Driver claim rates were influenced by other factors present in the car and van claim 
models for which there was complex dependency to risk for a number widely 
reported factors.  These were largely in agreement with findings of the work-related 
road safety literature (Chapter 2, section 2.3) but there were some differences 
highlighted with the literature.  Drivers’ age did not appear in the models which was 
surprising since young drivers are widely reported as being at risk (section 2.3.1).  
There were relatively few young drivers in the sample which could lead to this not 
being in the model.  The company also supports younger drivers by providing 
compulsory training for young drivers and apprentices.  A possible proxy for age, 
licence duration, was important only for van drivers and suggests that driver training 
should be offered for all new drivers, not just young drivers.  Gender was found to 
be a factor with male car drivers at greater crash risk as were van drivers whose 
managers were male.  Car drivers’ self-reported mobile phone use and van drivers’ 
attitudes (as expressed in the belief that their managers were responsible for safety), 
were associated with claim risk.  Both factors suggested that a higher external locus 
of control on the part of the driver increased claim risks.   
Unsurprisingly, increased mileage resulted in higher claim risk as did van drivers 
travelling on urban roads. These findings reinforce the importance of questioning the 
need to travel and journey planning.  Urban roads can be difficult to avoid since they 
are often where customers are located.  Speed limits are lower on such roads, so it is 
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likely that such collisions have lower severities and result in less damage.  Further 
research would be useful to verify these conjectures. 
The type of vehicle driven by managers had an influence on car drivers’ claim risk.  
Managers driving large cars increased claim risk, a factor that may be linked to their 
behaviour or personality.  Drivers of newer cars made fewer claims perhaps as they 
are driving more defensively and trying to prevent damage to their new car.  
Alternatively, the newest vehicles may be deliberately allocated to the best drivers 
although there was no evidence for such a policy.   Much older cars also are the 
subject of fewer claims as they are more likely to be personal property; an example 
of the fleet driver effect in reverse as described in Section 2.3.2.  Cars with advanced 
safety and other features were associated with higher claim risk and may be a 
manifestation of risk compensation.   
Organisational factors played some role in driver claims.  Drivers on variable shift 
patterns had greater risk, however, neither shift nor time of day were factors in the 
claim model.  Longer working days increased the claim risk for car drivers but not 
van drivers, giving rise to a suspicion that work content may be a factor in claim 
risk, e.g. car drivers may have a lengthy drive after a long day.  Van drivers’ 
managers, but not car drivers’ managers, with more staff are associated with greater 
claim risk, perhaps suggesting role overload as suggested by Newnam et al. (2012).   
RTM was not an issue in this study since the analysis could not show that the 
intervention reduced the drivers’ claim rates.  Additionally, RTM was unlikely to be 
present as managers were not selected for training based on the claim history of their 
staff. 
9.5.3 Manager training overview 
This study was not able to find evidence for manager training having an influence on 
work-related road safety.  Descriptive statistics suggested that there was a reduction 
in claims of around 3.5%, however, this could not be verified using a more complex 
statistical model.  Further modifications to the intervention model may be of value.  
It would be more useful to gather information as to the quality of work-related road 
safety management behaviour subsequent to training, as only improved practice is 
likely to lead to driver behaviour change. 
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9.6 Use of segmentation to improve work-related road safety 
The third study described in Chapter 8 used two analysis techniques, segmentation 
and intervention analysis.  The intervention analysis technique was identical to that 
developed in Chapter 6 to evaluate driver training.  The impacts of existing 
interventions on the claim segments were evaluated.  Other new interventions could 
be developed to reduce the occurrence of claims based on new insights into segment 
composition that have emerged from the study.   
9.6.1 Reference study 
Table 9-1 displays clusters of collisions in Belgium determined by Depaire et al. 
(2008) using the technique of latent class analysis on which this study was based.  
The clusters are used as a comparison to the segments described in study three.  The 
distribution of collisions is very different to that determined in the segmentation 
exercise of Section 8.3, Table 8-1.  The cluster sizes exhibit less variation than those 
of the work-related claims; five of the seven clusters contained between 10 and 20% 
of the claims while the largest clusters contained approximately a quarter of the 
claims.  (No mention was made of unclassified collisions in the Belgian study).  By 
comparison, the segmentation study in this thesis only contained two segments with 
more than 10% of the observations and the largest contained almost 30%.  The 
composition of the clusters of collisions in Belgium indicated that 29% of collisions 
were with pedestrians, and a further 14% with motor cycles or bicycles, thus 43% of 
collisions were with vulnerable road users.  This is much greater than the totals 
reported by BT drivers as identified in the claim descriptions of Table 5-2.  
Vulnerable road users were allocated to the “Other” category and represented only 
2.4% of the total.  This comparison highlights the requirement to perform an 
individual segmentation exercise for each situation rather than resorting to an off the 
shelf solution. 
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Table 9-1 Collision clusters of Belgian collisions (Depaire et al., 2008) 
Cluster Traffic collision type 
Size 
(%) 
1 on crossroads with no traffic lights and no priority road 23 
2 with an adult pedestrian 19 
3 on crossroads with predominantly traffic lights 15 
4 between a car and a non-moving second road user 15 
5 with a motorcycle or bicycle 14 
6 with a non–adult pedestrians 10 
7 on highways, national, regional or provincial roads 4 
9.6.2 Influence of interventions on segments 
The effectiveness of the existing interventions against the BT claim segments was 
demonstrated in Section 8.7.  Interventions expected to have had no effect on claim 
segments that were unrelated to the training course.  It appeared that seven of the 
eight segments did respond positively to the both interventions.  This would support 
the idea of generalisation reported by Ludwig et al. (2000).   
The segmentation did bring new insights into claim behaviour that would not be 
intuitive.  In Table 8-1 the largest group contained LCV drivers which excluded 
those under 25 years old involved in ‘forward facing’ claims.  These claims should 
have been directly affected by driver training especially the TP or SaFED training 
course which was targeted on forward facing incidents.  This reduced these claims 
by 0.18 p.a. but the BiC training appeared to be even more effective with a reduction 
of 0.20 p.a. 
The second largest group contained both LCV and HGV drivers involved in passive 
incidents, i.e. FTV or HWP.  Again only a small number of young drivers were in 
this group.  These appear to be events that occur in work time where the drivers 
could be looked on as victims.  Again the BiC intervention was more effective at 
reducing the claims in this segment, with an average reduction of 0.032 p.a. 
compared to only 0.009 for the TP or SaFED training.  The BiC training was 
relevant to the passive claims in this group 
The next three largest groups consisted of 26.2% of the classified incidents and all 
involved cars whose drivers were mostly over 25 years old.  Two thirds of the first 
car segment (–c) occurred at the weekend; the second car segment (–d) were passive 
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events during the working day, and the third (–e) involved forward claims while 
commuting.  These groups all involved cars but in three very different situations; i.e. 
passive at the weekend, passive in the day and collisions while commuting.  It would 
be expected that these events would all require very different interventions or at 
least specific targeted information to help reduce such claims.  Both the TP or 
SaFED and BiC training interventions were effective in reducing the claims in these 
segments but the BiC training was again more effective.  It was noted that two of 
these segments involved passive incidents and yet the training course was still able 
to reduce their number above and beyond the background of claims reduction.  
The sixth largest claim class consisted of HGVs involved in moving incidents (not 
passive).  The claim rate is the largest of the segments (0.49 p.a.) on account of the 
small number of HGV drivers in the company.  Again both training courses are 
effective in reducing these claims, especially the BiC training course (-0.27 & -0.16 
p.a.).   
The final two segments (–g & –h) are very small and although the intervention 
appears significant as indicated in Table 8-3 and Table 8-4 it is based on only a few 
claims.  The group that is the least typical (–g) contains LCV drivers who are 
younger and or female.  This small segment contains low speed manoeuvring claims 
and is the only class identified as growing in size, in agreement with the trend plot in 
Figure 8-4.  Further study of this segment would be advisable. 
9.6.3 Other work-related segmentation studies 
The reported use of segmentation in work-related road safety has been largely 
heuristic driver based (Chapman et al., 2000) or vehicle based (Clarke et al., 2009).  
Musicant (2011) reported on the clustering of company drivers using an automated 
statistical technique, rather than the collision based study contained in this research.  
All employees were involved in maintenance and mostly drove Ford Rangers so 
represented an already homogeneous group.  They were given the Driver Behaviour 
Questionnaire, the Driver Attitudes Questionnaire, and the Safety Climate 
Questionnaire Modified for Drivers, but critically they were not asked about 
collision involvement nor was this information obtained from other sources.  Three 
groups that were identified using K-means clustering were incomparable to those 
Chapter 9: Discussion  202 
 
determined in the current or other studies.  This is the only other report of automated 
clustering. 
Chapman et al. (2000) chose five segments defined by vehicle and use.  Four of the 
segments involved cars.  No rational was given for this choice but reflected the 
vehicles in use at the participating company.  The driver centred segments consisted 
of own car drivers, perk car drivers, line managers, sales staff, and liveried company 
vehicle drivers.  Driver characteristics and the types of collisions associated with 
each segment were established by means of a self-completion survey.  There was no 
investigation of interventions against claims made by these drivers. 
Clarke et al. (2009) allocated a sample of collisions involving work-related drivers 
to groups defined by vehicle type.  As a result, the group sizes were defined only by 
the distribution of vehicles involved.  Given the sample consisted of work-related 
road traffic collisions in the UK, the distribution of claims varied markedly from that 
reported by BT, e.g. LGV/lorry cluster is much larger than that of BT’s HGV 
segment and there were separate clusters for buses, taxis and emergency vehicles.  
In addition to collision allocation, hypothetical countermeasures were assigned to 
each collision.  The vehicle-based groups contained a mixture of collisions which 
needed to be further subdivision understand common themes within the group.  LCA 
allows this to be carried out unassisted. 
The segments reported by Chapman et al. (2000),  Clarke et al. (2009) and study 
three of this thesis are compared in Table 9-2.  This clearly indicates how different 
approaches have arrived at different solutions.  The eight segments defined in 
Section 8.4 are compared to the segments determined by previous segmentation 
studies.  The segment described as “Liveried company drivers” by Chapman et al. 
corresponds to five of the segments determined in study three and two of the 
segments determined by Clark et al.  In a similar vein, three segments identified by 
Clark et al. had no comparable segments in the other studies (i.e. PCVs, Taxis and 
emergency vehicles).  Three of the segments determined in study three, primarily 
consisted of car drivers and given that many of the reported claims in one of these 
segments were outside working hours, this may have corresponded to the “own car 
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Table 9-2 Comparison of reported claim or collision segments in WRRS 
Chapman 
et al. 
(2000) 
Segment From study 3 (% of all claims
1
) 
Vehicle, Driver, Claim types 
Clarke et al. (2009) 
Over represented locations 
Over represented contributory factors 
Liveried 
company 
vehicles 
–a 28.6% LCVs  
Over 25s, Forward 
Vans/pickups 22% 2
 
Urban unclassified roads; rural B class roads, and rural unclassified roads. 
Poor observation, (restricted views and other drivers’ signals)  
–g 0.8% LCVs,  
Under 25s, Female drivers, Low speed 
–h 0.6% LCVs,  
Night and Weekend, FTV & HWP 
-b 10.8% LCVs & HGVs  
Over 25s, FTV 
 
–f 3.1% HGVs,  
Over 25s, forward 
LGV/lorry 27% 
Rural A roads (60mph) and motorways (70mph) 
Poor observation; close following; fatigue; load problems and vehicle defects 
Own cars 
–c 6.4% Cars,  
Over 25s, Weekend, 10am-3pm, no FTV 
 
Line 
managers 
–d 5.3% Cars  
Over 25s, 10am-3pm, FTV 
Company cars 24% 
Rural unclassified roads 
Excess speed; poor observation; excess alcohol; slippery roads Sales staff 
Perk cars 
–e 3.7% Cars,  
Over 25s, Commuting, Forward 
 
   PCV/bus 11% 
   Taxi/minicab 9% 
   Emergency vehicle 7% 
Not 
applicable 
 40.6% Not classified 
People driving miscellaneous vehicle types and those working in, on, or near the 
road 12% 
 1 Table 8-1 contains % of classified claims 2 Proportion in segments were estimated from published driver counts 
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drivers”.  It was not possible, however, to distinguish these vehicles from perk cars.  
Again this exercise indicates the difficulties making comparisons across studies that 
use different data and analysis techniques.  For this reason, organisations are 
recommended to segment their own data to learn how to reduce specific claims 
rather than rely on the results of others. 
None of these previous studies used follow-up interventions in the context of the 
segments they identified to determine how well the intervention worked.  Therefore, 
subsequent intervention analysis described in this thesis has made a significant 
contribution to the field or work-related road safety.   
9.6.4 Segmentation overview 
This study extends the view of Chapman et al. (2000, p. 72) who concluded that, 
“Company car drivers are not a single homogenous group, and that interventions 
which may be successful for certain groups may be inappropriate or even 
detrimental to other road users within the same organisation”.  Not only do the 
drivers not form homogeneous groups but the collisions they experience during their 
work-related and private driving are not homogeneous, and different interventions 
may be needed to recognise those differences.  Chapman et al. (2000) did recognise 
this and identified differences in self-reported claims and claim characteristics.  
Study three evaluated two targeted training interventions (defensive driving and low 
speed manoeuvring) which appeared to influence claims across all segments.  The 
BiC training course was more effective in reducing claims across all segments, 
despite some segments not containing claims for which the course was intended.  
This supports the belief that situationally specific content represents only one 
element of a successful training programme and the improvement of drivers’ insight 
and cognitive skills are also important (Stanton et al., 2007).   
9.7 Transferability of the research 
Safety at BT would be improved by tightening driver training criterion from the 
current threshold of two in a twelve month period as stated in Chapter 5 (section 
5.3.1).  This training has been shown to be effective for those with elevated claims 
Chapter 9: Discussion  205 
 
although was not evaluated for those with the best driving records.  In addition, 
“Safe and Fuel Efficient Driving” training, and “Back in Control” training should be 
given to two separate groups of drivers selected at random from the driving 
population rather than being selected as a result of high claims.  The value of this 
action would be to confirm that the reduction in claims observed by high-claim 
drivers was repeated amongst those with fewer claims.   
A further area for transferability would to companies not regularly training drivers.  
They must undertake systematic review of the claim history of their drivers and train 
those with an elevated number of claims using a similar training regime. 
There has been no assessment of the length of time over which training was 
effective.  Some of the trained drivers should be periodically retrained to assess the 
long term impact of training.  This knowledge would add to the understanding of 
driver training and help determine the value of continuous reinforcement of safety 
messages by means of training. 
A major outcome of this research was the need for training providers to study the 
impact of their programmes and including assessment based on long term driver 
performance.  This is particularly true for those providing manager training since no 
clear evidence of efficacy was found.  In part this was caused by an apparent lack of 
post training follow-up.  It follows that management training must include a 
measureable post-training assessment plan which must record significant dates on 
which the training is expected have directly influenced the drivers’ performances.  
The inability to validate the efficacy of management training has strongly 
highlighted the need to focus on this initiative given the expected role of 
management on employees.   
9.8 Summary 
This chapter has discussed the findings of the three studies undertaken in this thesis.  
The work is unique in that actual motor insurance claims rather than self-reported 
outcomes have been used to understand the relationships between drivers, managers 
and training.  The solution to improving work-related road safety may involve driver 
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training and other driver interventions, but consideration must also be given to 
altering organisational and work structures that may be influencing these drivers’ 
attitudes and behaviour.  It would be difficult to respond to the suggestion by Bomel 
Ltd. (2004) to restrain the public’s demand for ever faster and more flexible product 
delivery. 
The value of these studies has been to highlight the difficulties in performing 
rigorous analysis in a real world fleet context.  This is especially true for complex 
dependencies such as the relationship between management training and driver 
outcomes.  The study has extended knowledge beyond that obtained from 
descriptive investigations by use of appropriate statistical models.  The work needs 
to be continued to better understand the manager – employee relationship and how it 
influences driver behaviour (Newnam et al., 2014). 
The next chapter will present the conclusions that can be drawn from these three 
studies; make recommendations for organisations, analysts and researchers; specify 
how it has contributed to knowledge; and outline limitations and further research. 
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10 Conclusions and recommendations 
10.1 Introduction 
This chapter identifies how the research undertaken achieves the aim and objectives 
of the thesis, contributes to knowledge in the field of work-related road safety, 
highlights the limitations of the work, and gives guidance for further research.  
Although this research focused on work-related road safety and whether training 
programmes were able to improve safety, it is applicable to other systems.  General 
occupational health and safety would be an obvious example of an application of 
this work.   
10.2 Achieving the aim and objectives 
The thesis aimed to address a gap in knowledge identified in Chapter 2 by 
undertaking an investigation to assess organisational interventions to improve 
work-related road safety.  The six objectives derived from the thesis aim and the 
corresponding findings are discussed below. 
1  To review risk factors and measures associated with work-related road safety. 
The literature review in Chapter 2 reported on the risk factors that influence work-
related road safety.  A large number of risk factors have been reported in the broad 
classes of driver, vehicle, journey and organisation.  These factors had not all been 
determined by using on-road collision data; some were derived from self-reported 
collisions and others used psychological measures.  The corresponding controls 
against these risk factors were also determined but particular gaps in knowledge 
were identified.  It was clear that although driver training was frequently reported as 
an intervention some researchers had suggested that evidence of its effectiveness 
was limited, e.g. Bomel Ltd. (2004).  Case study data which includes company 
driver training would provide an opportunity to fill a significant gap in the literature. 
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2  To investigate modelling techniques applicable to work-related road safety. 
The review of Chapter 3 identified a number of techniques that would be suitable for 
the evaluation of WRRS interventions and fulfil the requirements of this research.  
Most of the techniques in work-related road safety have originated in general road 
safety and it was clear that there were further methods available from other areas of 
road safety that would fulfil the requirements of this research.  Collisions have been 
considered as ‘random’, ‘non-negative’, and ‘sporadic’ events so Poisson regression 
models would be the obvious choice.  In the presence of over dispersion, the 
negative binomial (NB) model was identified as appropriate.  Such models assume 
that individual records were independent, so where drivers report to the same 
manager, this assumption may not be valid and therefore multilevel NB models have 
been employed.   
As outlined in Section 3.10 estimates derived from before and after studies were 
found to be overestimates of the true effects.  These have been widely reported and 
compensating procedures developed to overcome such errors.  Regression to the 
mean and the effect of other trends were responsible for the observed over-estimates 
(Elvik, 2002).   
3  To describe the specific methods to be employed. 
Details of the methods used in the thesis were contained in Chapter 4.  The effect of 
training was included in the statistical models for count data by including categorical 
variables that represented an intervention.   
The impact of driver training was estimated from the parameters of negative 
binomial (NB) regression models.  The targets of the models were the number of 
claims made by each driver which were dependant on the characteristics of each 
driver.  The models were assessed on a separate data sample to that on which the 
model was built, thereby ensuring a fair evaluation based on cross tabulation of the 
observed and predicted counts, and Cohen’s kappa measure of inter rater reliability.  
The impact of the intervention effect was calculated from the fitted models.  This 
value had to be corrected for regression to the mean, and the background 
improvements that would have happened even if the training had not taken place. 
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The assessment of manager training used a multilevel NB model of driver claims 
that included a parameter that represented the training status of the drivers’ manager.   
Latent class analysis (LCA) was used to segment claims which resulted in more 
homogeneous data on which to build NB models which included driver 
interventions.  The impact of driver training on these claims was the assessed by 
employing the NB modelling approach described above. 
4  To explore and refine data sources. 
The data used in this thesis was detailed in Chapter 5.  BT provided in-depth data on 
drivers, claims, managers and training.  The evaluation established that the data 
contained sufficient information to evaluate driver and manager training.  
The employees’ identification numbers provided the ability to cross reference 
sources and was fundamental to the success of the research and is highlighted as a 
key enabler of future road and worker safety. The online nature of the data 
collection meant that participants had to respond to all questions which ensured 
there was no missing data.  There were, however, a few minor issues found within 
the data, but overall it was highly acceptable for use in the modelling work.  
Variations in the details recorded about each collision have restricted intervention 
analysis to the period from 2006.   
The training interventions specific to forward facing and low speed manoeuvring 
were chosen for analysis as there had been over four thousand and two thousand 
trainees respectively on each of the courses.  These could be assessed on the basis of 
a possible 100,000 claims.  
The data did not contain all the risk factors uncovered in the literature review in 
Chapter 2.  Turning Point, SaFED and Back in Control driver training were 
determined to be the most useful for the evaluation of driver training of driver 
training, and there was sufficient information on manager training to evaluate this 
intervention. 
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An overview of the company’s programme was obtained using a trend plot of its 
claims compared to the STATS19 record of collision data on UK roads.  The 
analysis concluded that the company had reduced its claims at a faster rate than had 
been achieved on the national road system.  Over the period of study (2005-2012) 
the company’s claim rate was reduced by 7.7% per annum compared to only 4.5% 
for KSI collisions against which the UK’s road safety effort was directed.  On this 
evidence BT has been successful in improving its work-related road safety 
performance.   
5  To analyse and assess the impact of specific interventions by utilising 
appropriate models. 
Three studies were undertaken to evaluate driver training (Chapter 6), manager 
training (Chapter 7) and the impacts of driver training on more homogeneous claim 
sub-groups (Chapter 8). 
The two forms of training for forward facing training (TP or SaFED) and low speed 
manoeuvring training (BiC) analysed in the first study (Chapter 6) were shown to be 
effective in improving WRRS even after compensating for RTM and background 
trends attributed to other interventions.   
Driver training which focused on forward facing driving risks reduced risk specific 
claims by 19% and all claim types by 5%.  Driver training focused on low speed 
manoeuvring was shown to reduce specific claims by 8% and all claims by 7%.  The 
greatest absolute reduction was for all claims recorded after BiC training with a 
reduction of 0.063.  The smallest impact uncovered was of BiC training on low 
speed manoeuvring claims which had an average reduction of only 0.008 claims.  
This was not unsurprising since the fewest claims were recorded in this category 
(0.099 per year). 
RTM and trend effects represented a significant proportion of the observed claim 
reductions.  This was especially true for the effect of RTM on the targeted claim 
categories.  40% of the observed reduction in low speed manoeuvring were from 
RTM, as were 26% of the driving claims following TP or SaFED training.  The 
smallest RTM effect was a 14% reduction in all claims types after TP or SaFED 
Chapter 10: Conclusions and recommendations 211 
 
training, while this effect accounted for a 22% reduction in all claims types 
following BiC training.  These values highlight the importance of undertaking 
thorough analysis and confirmed that drivers with high claim rates were trained 
rather than using random selection. 
Trend effects also had a major impact on claims.  It was estimated from the analysis 
of the TP or SaFED training and the BiC training that the trend effect accounted for 
a 21% reduction in all claims.  It was reassuring to find that the sizes of background 
effects were identical for the two models given the estimates were largely of the 
same set of unspecified initiatives.  Background initiatives were found to reduce 
claims specific to TP or SaFED by 14% and those specific to BiC by 12%. These 
background effects are important because they represent a real reduction in clams 
over the long term, unlike RTM, which was an artefact of driver selection.  The 
trend values encapsulate the combined effects of other safety initiatives irrespective 
of them being internal or external to the organisation.  In general the fractional 
reductions associated with the trends were smaller than those from RTM, but were 
greater that the training effects.   
The second study (Chapter 7) investigated the association between manager training 
and claims made by their staff.  It was, however, not possible to determine whether 
this particular management training course was successful.  This was despite an 
approximate 3% reduction in claim rate in the post-training periods.   
The third and final study (Chapter 8) used a latent class model to determine which 
claims were most similar and then assign them to homogeneous groups.  The 
procedure to evaluate driver interventions, developed in Chapter 6, was used on each 
of the groups to determine specific effects of training.  It found that forward facing 
claims had the greatest effect on the biggest claim group (LCV drivers making 
claims for forward facing incidents) and this resulted in a reduction of 0.18 claims 
per year.  The low speed manoeuvring course had an even greater impact on these 
claims (0.2 claims per year).  The highest claim rate was seen for the HGV drivers in 
class –f despite the small number of claims overall.  The forward facing training 
reduced their claims by 0.16 per year while the BiC reduces claims by 0.27 per year, 
approximately double.  It was noted that the BiC training was more effective than 
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the forward facing training in all claim classes, indicating the greater generalisability 
of this training.   
6  To make recommendations in terms of organisational work-related road safety 
The analysis undertaken in achieving the first five objectives has enabled 
recommendations to be made for organisations in terms of their work-related road 
safety, analysts involved in claim reporting, and for researchers in terms of 
continuing investigations in this field.  These are detailed in the following section. 
10.3 Recommendations 
A number of recommendations can be afforded from the research undertaken which 
are described below and relate to organisations, analysts and researchers. 
For organisations 
 Driver training may be used by organisations wishing to improve their work-
related road safety.  Such training has been shown to be effective in 
improving claim performance, even after controlling for RTM and 
background trends (see Section 9.4) although the effects were surprisingly 
small.  They reduced claims by between 19% and 5% depending on the 
content of the training and the types of outcomes considered.  Such analysis 
can be used to inform discussions with important stakeholders such as 
training providers and worker representatives in order to plans future 
improvements and demonstrate how these initiatives benefit driver safety.   
 Organisations should establish an active database to log all vehicles, drivers, 
claims and training.  These must be linked by unique identifiers such as an 
employee number.  This database was vital to the success of this analysis 
(see Section 9.3) and would be valuable for ongoing monitoring as well as 
asset management. 
 Long term evaluations should be based on actual collision data to demonstrate 
improvements (e.g. Figure 5-1) rather than self-reported driver behaviour.  
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This could be supported by other outcomes such as those provided by 
telematics, traffic violations and fuel consumption.   
 Organisations should consider recruiting drivers with low claims histories, as 
driver training did not, on average, reduce claims of drivers to the very low 
level of drivers who did not require any training (see Table 5-9).  Untrained 
drivers made 0.20 claims per year, whereas those drivers who received 
forward facing training had a post training claim rate of 0.38 per year, almost 
twice that of their colleagues. 
 Special attention should be given to small and perhaps vulnerable groups as 
exemplified by the class which contained young and female drivers, which 
may exhibit an increasing risk despite other improving trends (see Table 
8-1). 
For analysts 
 Compare an organisation’s performance to a benchmark (e.g. national road 
collisions as displayed in Figure 5-1). 
 Control for regression to the mean and background trends when analysing 
work-related road safety interventions, as these represented 35 to 67% of the 
observed post-training improvement (see Table 6-7).   
 Interventions should be evaluated based on appropriate claim segments since 
the impact of driver training varied across homogeneous claim segments (see 
Table 8-6).   
For researchers 
 Investigate improvement to the regression to the mean adjustment procedure.  
For example the before-training periods could be modified to begin on the 
date on which the driver was allocated to training, and end on the date that 
training took place.  Investigation of the full Bayesian approach to 
determining RTM should be evaluated and compared to the method of 
empirical Bayes used in this research. 
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 Research is required to demonstrate the effectiveness of manager training in 
reducing claims as this study was not able to confirm any significant impact 
(see Chapter 7).  This could focus on short and long term outcomes which 
include behavioural change by the manager in their interactions with driving 
staff. 
 Include the possible effect of time lags and progressive (increasing or 
decreasing) influence of training on claims and other outcomes.  The 
methods employed in Chapters 6 and 7 represented the simplest option in 
possible approaches to analysis. 
 Other outcomes such as psychometric testing, telematics, traffic violations and 
fuel consumption, should be investigated as an approach to gain insights into 
managers and drivers undergoing training.  These would aid understanding 
of the mechanism behind collision reduction.  Performance feedback and 
coaching should be incorporated into the follow-up.   
10.4 Recommendations for BT 
This research has highlighted specific issues that would help influence the safety of 
employees while driving for work.  Given that BT is widely recognised as having 
adopted the best known practice in WRRS, no new significant, or cost effective, 
initiatives to dramatically reduce employ claims were expected.  BT is 
recommended to build on their experiences and further contribute to best practice in 
WRRS through the use of robustly designed intervention trials. 
Each initiative in their safety programme must identify and record the dates on 
which the individual drivers are influenced by the initiative.  This will allow the 
partition of driver claim records into before and after periods and provide an 
unambiguous basis for safety impact analysis.  Driver and manager training were 
two of the few initiatives for which this data was recorded. 
Lowering the threshold for training drivers from the current two claims in twelve 
months, as discussed in Chapter 9 (section 9.7) should be considered.  As a result of 
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identifying that the training is effective, extending its deployment would improve 
safety. 
Improved visibility of daily vehicle-driver allocations and vehicle mileages as a 
measure of driver exposure could benefit BT.  The research highlighted 
contradictory information on vehicle types, owing perhaps to self-reporting errors or 
to changes in driver roles over the study period.  This change could allow better data 
gathering without facing accusations of employee surveillance by the introduction of 
telematics.  
BT is recommended to use other safety proxies such as employee attitudes and 
driver behaviour.  This will allow changes to be measured more directly and safety 
improvements anticipated.  Closer tracking of manager driver safety interactions 
based on leader-member exchange theory could also be an opportunity.  Measures of 
safety culture should be gathered and utilised continuously, given their link to safety 
outcomes.  These data will allow the direct evaluation of initiatives aimed at 
improving safety culture prior to evaluating direct and indirect effects on road 
safety. 
10.5 Contributions to knowledge 
The studies in this thesis have made a number of contributions to advancing the field 
of work-related road safety, not least by taking methodologies from other areas of 
road safety and applying them to the workplace.  Outcomes from this work can be 
used to evaluate additional interventions and thereby improve road safety for 
employees and wider society.  By taking such actions, organisations can fulfil their 
moral, legal and business responsibilities. 
 The research demonstrated the value of utilising and integrating an 
organisation’s detailed safety MIS which included drivers, claims, HR, 
training and other assessments, in order to better understand its work-related 
road safety;  
No previous observational research into fleet driver training has been published 
using verified on-road collisions.  This research has advanced our understanding 
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from earlier results which were based on experiments, simulator drives, and self-
reported incidents, behaviour or attitudes. 
 It established a method to evaluate intervention effectiveness while allowing 
for regression to the mean and background effects;  
Simply subtracting the claim rate before training from the claim rate after training 
would have led to an inflated impression of the training impact.  Drivers were 
largely selected for training because they had unusually large numbers of claims.  In 
addition, claims would have been influenced by factors unrelated to training.  The 
method adopted in this study to control for these effects was taken from existing 
road safety research and therefore makes a valuable contribution to work-related 
road safety. 
 It demonstrated that driver training reduced work-related vehicle collisions; 
This research has revealed that the driver training interventions have had a beneficial 
impact on collisions involving drivers within an organisation.  This result has never 
been demonstrated before using robust data.  Despite this, however, much of the 
observed reduction in claims (before versus after) was an artefact of the regression 
to the mean. 
 It evaluated the effect of manager training on work-related vehicle claims;  
The impacts of manager training could not be demonstrated in terms of general or 
specific driver claims.  This is disappointing given the expected influence of 
management and safety culture in an organisation. 
 It demonstrated the value of segmenting work-related vehicle collisions. 
A new and flexible method to segment claims was introduced and its value, in terms 
of influencing safety, was demonstrated.  The impact of two driver training courses 
on the six largest of the eight identified segments varied markedly.  Training was 
responsible for approximately 40% of the claims reduction seen in the largest 
segment, with reductions ranging from 14% to 69% in the next five largest groups.  
The segmentation approach presented could be used to protect employees against 
collision risks by supporting further guidance to employers with regards to the 
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targeting of interventions.  It could also be developed further to encompass some of 
the 41% of claims that were not classified.  In either case this study has offered 
possible means of making inroads into the impact of work-related road safety 
through a better understanding of interventions, integrating and utilising available 
data, applying rigorous statistical models, as well as identifying the importance of, 
and allowing for, regression to the mean.  
10.6 Limitations and further research 
The limitations of the research were mostly related to the data, intervention planning 
and modelling, each of which are discussed below. 
10.6.1 Data 
This analysis was predicated on the company having gathered clean and validated 
data, stored in a uniform and accessible format and with the ability to extract and 
manipulate the relevant records to produce the required data views.  This unique 
dataset extended over 10 years and contained details of all incidents across all 
severities.   
Use of secondary data:  The data were gathered for purposes such as asset 
management rather than specifically for evaluation of training or other interventions.  
Despite the large number of records this could never compensate for the lack of 
some valuable predictive factors.  As a consequence the data omits factors 
mentioned in the literature as influencing work-related road safety, resulting in 
missing variable bias (Lord et al., 2010) which is also a concern for fitting models.  
For example, neither the drivers’ drug and alcohol consumption, nor the level of 
driver fatigue was gathered around the time of a claim.  Such problems could have 
been alleviated by planning the evaluation using experimental design techniques 
such as random allocation to treatments or matching controls. 
Data coding:  Although the data were extensive with effectively a 100% response 
rate, problems existed such as missing employee hire and exit dates, as well as dates 
of birth, and gender not being supplied.  A number of nominal variables contained 
overlapping categories, so respondents had a choice of which category to select.  
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Some categories represented a large proportion of the data, for example 93% of the 
drivers were in the 25-60 year age group.   
Data ageing: These data represented a single snapshot of the employees so it is 
likely that their characteristics and responses would change randomly and 
systematically.  Specifically drivers’ ages could not be adjusted over the evaluation 
periods.  It is likely that the data will have aged or may not be representative of the 
exposure periods included in the analysis.  The two year windows used in the pre- 
and post-training periods, however, represented a small fraction of an employee’s 
working life, so most characteristics are likely to have changed little.  This is 
especially true for the youngest drivers whose risk profiles change rapidly as they 
mature both in years and experience.  Employees are likely to have been promoted 
or changed roles over the study period and these differences were not captured.     
Generalisation:  The experience of a large, well-managed, multinational company 
may be unique.  This programme has been developed over many years in a well-
resourced and safety conscious organisation.  The company operates many vehicles 
of similar types so the programme has had the opportunity to be adapted to its needs.  
BT has many long serving employees and the majority of staff (73%) agreed that the 
safety culture of the organisation was better than their previous employers.  These 
indicate a stable workforce with a positive outlook towards their employer.  Similar 
conditions may not exist in other organisations which may have fewer resources or 
operate in sectors with different employee profiles.  Therefore it is necessary to 
validate these findings elsewhere both within and outside the UK. 
Other initiatives:  The emphasis of this work was to evaluate training.  BT has used 
many other interventions to maintain its enduring trend, such as risk assessment, 
computer based training, communications, newsletters, competitions, and family and 
friends schemes.  Their effects were combined into the background improvement 
trend along with general road safety improvements, and other external influences not 
explicitly incorporated into the analysis.  Such interventions could be assessed 
separately using the approach detailed in this thesis under the assumption that a 
single implementation date can be identified for the beginning of the initiatives.  It 
would, however, be inconceivable that this approach could be taken for all internal 
Chapter 10: Conclusions and recommendations 219 
 
and external interventions simultaneously, given the uncertainty of obtaining all 
interventions and single dates for their implementation.  
10.6.2 Alternative outcomes 
This study has concentrated on the frequency of claims but has ignored the claim 
severity since the data did not include injury aspects of the collisions.  Injury 
prevention is usually the focus of national road safety analysis and this guides road 
safety policy.  The data did include costs and these could be used as a measure of 
collision severity, and costs were broken down into different elements.  The 
elements included damage to the vehicle, replacement vehicle charges, third party 
costs and legal costs, set against monies recovered from third parties.  Many of these 
elements were missing because they were either not applicable or were not 
available.  Difficult to assess elements, such as lost time, and administration costs 
were not provided in the data, but these too would represent a financial drain on the 
organisation.  One possibly large omitted cost is that of reputational damage which 
is difficult to quantify and may stretch over an extended period of time.   
Two collisions involving serious injuries occurred within the duration of the study, 
yet these incidents were not highlighted as special or important.  Such collisions 
should have (and doubtless had) influenced safety decision making at BT.  A better 
understanding of these extremely severe, low frequency events and how to control 
these risks could come from extreme value statistics or multi-criteria decision 
analysis. 
Although the use of claims for property damage only has been a step forward in data 
quality and frequency, there was still less than one claim per vehicle-year.  This 
means that there remains a problem with the low observed mean in claim data.  An 
area of opportunity could be to augment the data with new sources such as that from 
in-vehicle data recording.   
Although this study supports the hypothesis that driver training improved claim 
outcomes, it is not clear what the mechanisms behind this improvement are.  
Detailed study of the intervention could give insight into why improvement occurs, 
and give clues to develop the intervention.  Trainees should be assessed at least three 
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times to gather possible changes to their driver risk profiles.  This could be 
supported by in-vehicle data recording gathered over a similar time frame.  This 
could be used as a leading indicator of change and give early insights into the 
effectiveness of the interventions.  It would also offer prompt feedback on the 
training programme.  Although an entire fleet may not have telemetry data available, 
it could be desirable for younger drivers, trainees or other high risk groups.  It could 
also be used as part of an induction programme to record such data for a limited 
evaluation period. 
While other indicators would need to have direct correlation to road safety 
outcomes, this could enable faster feedback on incremental improvements that 
contribute to overall safety of the fleet, drivers and other road users. 
10.6.3 Intervention planning 
Evaluation of safety interventions should be planned more robustly by organisations 
using the principles of experimental design.  Any proposed change should be 
accompanied by a verifiable evaluation regime.  The contribution of random 
external events to the measured outcomes implies that a given process may not give 
replicable results.  The use of an adequate sample size attempts to overcome the 
uncertainty associated with the random variation.  Correct choice of effect size, 
significance level and statistical power can enable the correct sample size to be 
chosen.  Further, drivers must be assigned randomly to either the intervention or 
control groups, perhaps using a crossover design.   
Further analysis would be possible by keeping records of allocation and intervention 
dates.  These enable an assessment of the size of RTM effects to be estimated more 
easily by defining a third exposure or lag period.  Currently only the intervention 
date was recorded with the allocation date over-written on completion of the 
training.   
Further research is needed into the use of experimental design based on the negative 
binomial distribution rather than the more usual normal distribution.  This would 
improve the robustness of future investigations. 
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10.6.4 Models 
The models used in this case have assumed a linear trend in background risk.  This 
assumption, however, may be incorrect.  A panel based approach would allow a 
more flexible form of the background risk, although precise data on drivers over 
time is not currently available. 
Higher order or interaction terms were not included in this modelling exercise.  
These have proven useful in some studies and may provide some insights in this 
context.  Current models were complex so further complexity could involve a risk of 
over fitting. 
Alternate simpler and more complex models may be valuable.  Binomial models 
would also allow for more complex relationships to be included given their relative 
ease of fitting.   
10.6.5 Manager contribution to safety 
Given the importance attached to the management of organisations, the study could 
not quantify the contribution of management training to safety.  Further 
investigation, therefore, could provide useful insights into the importance of 
management on work-related road safety.  The result was based on a Negative 
Binomial model and could be extended to a count model.   
The multilevel model fitted in Chapter 7 only included one management level; these 
were likely to be supervisors.  The extension to all levels including senior managers 
and encompassing a variety of business groups, could enhance further study in this 
area.   
The study assumed that manager training had an immediate effect on driver 
behaviour.  The addition of delays between the training date and the post-training 
period, and effects other than step functions, should be explored to optimise the 
intervention model. 
Further study should be undertaken to investigate targeted and actual management 
practice.  These could include changes to attitudes or behaviour.  Such a study 
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should establish if the targeted changes are adequate to influence driver performance 
sufficiently and whether these changes will result in improved safety.   
10.7 Summary 
Work-related road safety is important for moral, legal, financial and business 
grounds.  The moral case is based on the influence of occupational drivers on road 
safety in terms of the numbers of occupational drivers involved in collisions and the 
number of worker deaths on the roads.  Legally, organisations are obliged to keep 
their workers and other members of the public safe via a number of OHS, transport 
and corporate regulations.  Reducing claims makes financial sense owing to the 
number of sales required to fund claims related to vehicle incidents.  Finally the 
business case can be made from reducing the disruption caused by such incidents.   
This thesis has demonstrated how organisations can use their existing data to 
evaluate safety interventions and make a positive contribution to worker and public 
safety.  The methodology employed has been clearly documented and can be used 
by those wishing to make similar improvements.  By means of an example, driver 
training was shown to reduce claims across all drivers and for individual segments; 
however, no improvement could be identified following manager training.  While 
the approach was successful, recommendations have been made aimed at improving 
the approach with a view to further enhancing road safety. 
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